Investigating the association between attachment and binge eating by McCormack, Michelle






,QYHVWLJDWLQJWKH$VVRFLDWLRQEHWZHHQ$WWDFKPHQWDQG%LQJH(DWLQJ




E\


0LFKHOOH0F&RUPDFN
%$3V\FK+RQV






6XEPLWWHGLQIXOILOPHQWRIWKHUHTXLUHPHQWVIRUWKHGHJUHHRI
'RFWRUDWHRI3V\FKRORJ\+HDOWK



'HDNLQ8QLYHUVLW\
-XQH



LLL
$&.12:/('*(0(176
,WZRXOGQRWKDYHEHHQSRVVLEOHWRZULWHWKLVGRFWRUDOWKHVLVZLWKRXWWKHKHOSDQG
VXSSRUWRIWKHNLQGSHRSOHDURXQGPHWRRQO\VRPHRIZKRPLWLVSRVVLEOHWRJLYHSDUWLFXODU
PHQWLRQKHUH$ERYHDOO,ZRXOGOLNHWRWKDQNP\IDPLO\IRUWKHLUSHUVRQDOVXSSRUWDQGJUHDW
SDWLHQFHDWDOOWLPHV0\SDUHQWVDQGVLVWHUVKDYHJLYHQPHWKHLUXQHTXLYRFDOVXSSRUW
WKURXJKRXWDVDOZD\VIRUZKLFKP\PHUHH[SUHVVLRQRIWKDQNVOLNHZLVHGRHVQRWVXIILFH,
DPPRVWJUDWHIXOIRUWKHRSSRUWXQLWLHVSURYLGHGE\P\SDUHQWVDQGWKHYDOXHVWKH\LQVWLOOHGLQ
PHWKDWKDYHFXOPLQDWHGLQWKLVUHVHDUFKDQGP\IXUWKHUHGXFDWLRQ
7KLVWKHVLVZRXOGQRWKDYHEHHQSRVVLEOHZLWKRXWWKHKHOSVXSSRUWDQGSDWLHQFHRIP\
SULQFLSDOVXSHUYLVRU'U*HU\.DUDQW]DVQRWWRPHQWLRQKLVDGYLFHDQGXQVXUSDVVHG
NQRZOHGJHRIDWWDFKPHQWWKHRU\$GGLWLRQDOO\,DPJUDWHIXOIRUWKHJRRGDGYLFHDQG
DVVLVWDQFHRQDQDFDGHPLFOHYHORI'U.HOOLH.DUDQW]DVZKRVHH[SHUWLVHLQELQJHHDWLQJ
UHVHDUFKKDVEHHQLQYDOXDEOH,ZRXOGOLNHWRDFNQRZOHGJHWKHILQDQFLDODFDGHPLFDQG
WHFKQLFDOVXSSRUWRI'HDNLQ8QLYHUVLW\DQGLWVVWDII
,DPJUDWHIXOWRWKH$XVWUDOLDQJRYHUQPHQWIRUWKH$XVWUDOLDQ3RVWJUDGXDWH$ZDUG
ZKLFKSURYLGHGPHZLWKWKHQHFHVVDU\ILQDQFLDOVXSSRUWLQXQGHUWDNLQJP\GRFWRUDO
TXDOLILFDWLRQLQFOXGLQJWKLVUHVHDUFK,ZRXOGDOVROLNHWRWKDQNP\FROOHDJXHVDQGIULHQGVDW
'HDNLQ8QLYHUVLW\DQGHOVHZKHUHIRUWKHLUVXSSRUWDQGHQFRXUDJHPHQWWKURXJKRXW
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7KHWRSLFRIELQJHHDWLQJKDVEHHQH[SORUHGIURPYDULRXVSV\FKRORJLFDOSHUVSHFWLYHV
±WKHVHLQFOXGHGHYHORSPHQWDOSV\FKRSDWKRORJ\FRJQLWLYHEHKDYLRXUDODQGVRFLRFXOWXUDO
DSSURDFKHV0XFKRIWKLVUHVHDUFKKDVDWWHPSWHGWRXQGHUVWDQGWKHYDULRXVIDFWRUVWKDW
FRQWULEXWHWRWKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJHHDWLQJ6RPHRIWKLVUHVHDUFKKDV
EHHQIRUPDOLVHGLQWRVSHFLILFDHWLRORJLFDOPRGHOVRIELQJHHDWLQJVXFKDVWKHGLHWDU\UHVWUDLQW
PRGHODQGDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJ,QFRQWUDVWRWKHUVWXGLHVKDYHSURYLGHGD
GHWDLOHGLQYHVWLJDWLRQRIRQHRUWZRKLJKO\VSHFLILFIDFWRUVDVVRFLDWHGZLWKELQJHHDWLQJVXFK
DVHPRWLRQDORYHUHDWLQJ$FURVVWKHVHYDULRXVUHVHDUFKSHUVSHFWLYHVDQGPRGHOVRIELQJH
HDWLQJLWLVZLGHO\DFFHSWHGWKDWELQJHHDWLQJLVUHJDUGHGDVDUHJXODWRU\VWUDWHJ\WRPDQDJH
GLVWUHVVZKHWKHULWEHSK\VLFDORUSV\FKRORJLFDO)RUH[DPSOHELQJHHDWLQJPD\RFFXULQWKH
SUHVHQFHRIH[FHVVLYHGLHWDU\UHVWULFWLRQDVDSK\VLFDODQGRUSV\FKRORJLFDOFRPSHQVDWLRQIRU
WKHGHSULYDWLRQLWPD\DOVRRFFXUDVDPHDQVRIUHJXODWLQJHPRWLRQDOGLVWUHVV±LQZKLFKIRRG
LVXVHGHLWKHUDVDVRXUFHRIFRPIRUWGXULQJVWUHVVIXOH[SHULHQFHVRUWRPLQLPLVHRUµQXPE¶
WKHH[SHULHQFHRIHPRWLRQDOGLIILFXOW\*LYHQWKHLPSRUWDQWUROHWKDWIRRGSOD\VLQWKH
UHJXODWLRQRIGLVWUHVVIRUSHRSOHH[SHULHQFLQJELQJHHDWLQJLWLVEHFRPLQJLQFUHDVLQJO\
DSSDUHQWWKDWWKHVHLQGLYLGXDOVGHYHORSDFORVHDOEHLWXQKHDOWK\UHODWLRQVKLSZLWKIRRG)URP
WKLVSHUVSHFWLYHWKHRULHVRIUHODWLRQVKLSVDUHOLNHO\WRSURYLGHLPSRUWDQWLQVLJKWVWKDWEXLOGRQ
SUHYLRXVUHVHDUFKWRIXUWKHUXQGHUVWDQGWKHIDFWRUVWKDWLQIOXHQFHELQJHHDWLQJEHKDYLRXU
6SHFLILFDOO\WKLVWKHVLVUHSRUWVRQWKHVWXG\RIELQJHHDWLQJIURPDQDWWDFKPHQWWKHRU\
%RZOE\SHUVSHFWLYH±DZLGHO\VWXGLHGWKHRU\RIKXPDQERQGLQJHPRWLRQDQG
GLVWUHVVUHJXODWLRQ7KLVWKHVLVKDVWZRPDMRUDLPV7KHILUVWDLPLVWRH[DPLQHWKH
DVVRFLDWLRQVEHWZHHQDWWDFKPHQWVW\OHDQGELQJHHDWLQJWKURXJKYDULRXVFRSLQJVWUDWHJLHV
UHJXODWRU\DQGDIIHFWLYHIDFWRUVZLGHO\VWXGLHGLQWKHELQJHHDWLQJOLWHUDWXUHWKDWKDYHVWURQJ
WKHRUHWLFDOOLQNVWRDWWDFKPHQWVW\OH7KHVHDGGLWLRQDOUHJXODWRU\IDFWRUVLQFOXGHHPRWLRQDO
Y
RYHUHDWLQJHPRWLRQG\VUHJXODWLRQWKHH[SHULHQFHRIQHJDWLYHDQGSRVLWLYHDIIHFWDQGGLHWDU\
UHVWUDLQW7KHVHFRQGDLPLVWRLQYHVWLJDWHWKHH[WHQWWRZKLFKIRRGIXOILOVWKHDWWDFKPHQW
QHHGVRILQGLYLGXDOVFRPSDUHGWRGLIIHUHQWW\SHVRIFORVHUHODWLRQVKLSV±QDPHO\IDPLOLDO
URPDQWLFDQGSHHUUHODWLRQV7RWKLVHQGWKLVWKHVLVSURYLGHVWKHILUVWNQRZQGDWDUHJDUGLQJ
WKHUROHRIIRRGLQIXOILOLQJWKHDWWDFKPHQWQHHGVRIORYHFRPIRUWDQGVHFXULW\
7KLVVWXG\LQYROYHGDGXOWV0 \HDUVPHQZRPHQZKLFKFRPSULVHGWZR
JURXSVEDVHGRQVHYHULW\RIELQJHHDWLQJV\PSWRPDWRORJ\QRQELQJHHDWLQJELQJH
HDWLQJ,QUHODWLRQWRWKHILUVWDLPDSDWKDQDO\WLFPRGHOLQFRUSRUDWLQJDWWDFKPHQWZDVWHVWHG
DQGGHPRQVWUDWHGH[FHOOHQWILWLQGLFDWLQJWKHFRQWULEXWLRQRIDWWDFKPHQWWRWKHYDULRXV
FRSLQJUHJXODWRU\DQGDIIHFWLYHIDFWRUVWKDWOHDGWRWKHGHYHORSPHQWDQGPDLQWHQDQFHRI
ELQJHHDWLQJ*URXSLQYDULDQFHWHVWLQJUHYHDOHGWKDWDWWDFKPHQWLVGLUHFWO\DQGLQGLUHFWO\
UHODWHGWRELQJHHDWLQJV\PSWRPDWRORJ\WKURXJKHPRWLRQIRFXVHGFRSLQJVWUDWHJLHVWKDW
LQWHQVLI\GLVWUHVVWHUPHGK\SHUDFWLYDWLRQDQGVWUDWHJLHVWKDWVXSSUHVVGLVWUHVVWHUPHG
GHDFWLYDWLRQDVZHOODVHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQSRVLWLYHDIIHFW
QHJDWLYHO\UHODWHGDQGGLHWDU\UHVWUDLQW,QUHODWLRQWRWKHVHFRQGDLPDQDO\VHVUHYHDOHGWKDW
IRRGGRHVIXOILOWKHDWWDFKPHQWQHHGVRIDGXOWVDQGLVUDQNHGVLJQLILFDQWO\KLJKHUIRUSHRSOH
ZKRHQJDJHLQELQJHHDWLQJSDUWLFXODUO\IRUWKHDWWDFKPHQWQHHGDVVRFLDWHGZLWKVHHNLQJIRRG
WRDWWDLQDVHQVHRIVHFXULW\
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6WLFH%LQJHHDWLQJLVWKHLQJHVWLRQ
RIDQXQXVXDOO\ODUJHDPRXQWRIIRRGDFFRPSDQLHGE\DODFNRIFRQWURORYHUWKHW\SHRIIRRG
HDWHQDQGWKHUDWHDWZKLFKLWLVEHLQJFRQVXPHG$PHULFDQ3V\FKLDWULF$VVRFLDWLRQ>$3$@
)DLUEXUQ	:LOVRQ:KLOHLQVLJKWVLQWRELQJHHDWLQJKDYHEHHQJDLQHGWKURXJK
XQGHUVWDQGLQJWKHUROHRIELQJHHDWLQJLQWKHGHYHORSPHQWDQGPDLQWHQDQFHRIHDWLQJ
GLVRUGHUVVXFKDV%1LWLVRQO\LQUHFHQW\HDUVWKDWELQJHHDWLQJKDVEHHQYLHZHGDVDIRUPRI
G\VIXQFWLRQDOHDWLQJLQLWVRZQULJKW6WULHJHO0RRUH	)UDQNR
7KHWRSLFRIELQJHHDWLQJKDVEHHQH[SORUHGIURPYDULRXVSV\FKRORJLFDOSHUVSHFWLYHV
±WKHVHLQFOXGHGHYHORSPHQWDOSV\FKRSDWKRORJ\FRJQLWLYHEHKDYLRXUDODQGVRFLRFXOWXUDO
DSSURDFKHV6WLFH0XFKRIWKLVUHVHDUFKKDVDWWHPSWHGWRXQGHUVWDQGWKHYDULRXV
IDFWRUVWKDWFRQWULEXWHWRWKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJHHDWLQJHJ6WLFH	
$JUDV6RPHRIWKLVUHVHDUFKKDVEHHQIRUPDOLVHGLQWRVSHFLILFDHWLRORJLFDOPRGHOVRI
ELQJHHDWLQJVXFKDVWKHGLHWDU\UHVWUDLQWPRGHODQGDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJ
HJ+HDWKHUWRQ	%DXPHLVWHU3ROLY\	+HUPDQ3ROLY\+HUPDQ	
0F)DUODQH6WLFH1HPHURII	6KDZWKHVHPRGHOVDUHGHVFULEHGLQ&KDSWHURI
WKLVWKHVLV,QFRQWUDVWRWKHUVWXGLHVKDYHSURYLGHGDGHWDLOHGLQYHVWLJDWLRQRIRQHRUWZR


KLJKO\VSHFLILFIDFWRUVDVVRFLDWHGZLWKELQJHHDWLQJVXFKDVHPRWLRQDORYHUHDWLQJHJ
0DVKHE	*ULOR
$FURVVWKHVHYDULRXVUHVHDUFKSHUVSHFWLYHVDQGPRGHOVRIELQJHHDWLQJLWLVZLGHO\
DFFHSWHGWKDWELQJHHDWLQJLVUHJDUGHGDVDUHJXODWRU\VWUDWHJ\WRPDQDJHGLVWUHVVZKHWKHULW
EHSK\VLFDORUSV\FKRORJLFDO6WLFH)RUH[DPSOHELQJHHDWLQJPD\RFFXULQWKH
SUHVHQFHRIH[FHVVLYHGLHWDU\UHVWULFWLRQDVDSK\VLFDODQGRUSV\FKRORJLFDOFRPSHQVDWLRQIRU
WKHGHSULYDWLRQ+HUPDQ	0DFN,WPD\DOVRRFFXUDVDPHDQVRIUHJXODWLQJ
HPRWLRQDOGLVWUHVV±LQZKLFKIRRGLVXVHGHLWKHUDVDVRXUFHRIFRPIRUWGXULQJVWUHVVIXO
H[SHULHQFHVRUWRPLQLPLVHRUµQXPE¶WKHH[SHULHQFHRIHPRWLRQDOGLIILFXOW\+HDWKHUWRQ	
%DXPHLVWHU*LYHQWKHLPSRUWDQWUROHWKDWIRRGSOD\VLQWKHUHJXODWLRQRIGLVWUHVVIRU
SHRSOHH[SHULHQFLQJELQJHHDWLQJLWLVEHFRPLQJLQFUHDVLQJO\DSSDUHQWWKDWWKHVHLQGLYLGXDOV
GHYHORSDFORVHDOEHLWXQKHDOWK\UHODWLRQVKLSZLWKIRRG)DLUEXUQ,QVXSSRUWRIWKLV
PDQ\VHOIKHOSERRNVDVZHOODVFOLQLFLDQVDQGFOLHQWVDOLNHDQHFGRWDOO\GLVFXVV³WKH
UHODWLRQVKLSZLWKIRRGDQGHDWLQJ´HJ5RWK)URPWKLVSHUVSHFWLYHWKHRULHVRI
UHODWLRQVKLSVDUHOLNHO\WRSURYLGHLPSRUWDQWLQVLJKWVWKDWEXLOGRQSUHYLRXVUHVHDUFKWRIXUWKHU
XQGHUVWDQGWKHIDFWRUVWKDWLQIOXHQFHELQJHHDWLQJEHKDYLRXU6SHFLILFDOO\WKLVWKHVLVUHSRUWV
RQWKHVWXG\RIELQJHHDWLQJIURPDQDWWDFKPHQWWKHRU\%RZOE\SHUVSHFWLYH±D
ZLGHO\VWXGLHGWKHRU\RIKXPDQERQGLQJHPRWLRQDQGGLVWUHVVUHJXODWLRQ
7KHDSSOLFDWLRQRIDWWDFKPHQWWKHRU\WRWKHVWXG\RIHDWLQJGLVRUGHUVZKLOHVSDUVHLV
QRWQHZ6LQFHWKHVUHVHDUFKHUVKDYHVWXGLHGHDWLQJGLVRUGHUVIURPDQDWWDFKPHQWWKHRU\
SHUVSHFWLYHKRZHYHUWKHVHVWXGLHVKDYHIRFXVHGRQGLVRUGHUVVXFKDV%1DQG$1ZLWKOLWWOH
DWWHQWLRQJLYHQWRELQJHHDWLQJSHUVH:DUG5DPVD\	7UHDVXUH)XUWKHUPRUHPDQ\
RIWKHVHVWXGLHVKDYHEHHQKLJKO\GHVFULSWLYHLQQDWXUHZLWKWKHDLPRILGHQWLI\LQJZKHWKHUD
SHUVRQ¶VDWWDFKPHQWVW\OHLHDQLQGLYLGXDO¶VPRVWFRPPRQZD\RIWKLQNLQJDQGEHKDYLQJLQ
FORVHUHODWLRQVKLSV0LNXOLQFHU	6KDYHULVDVVRFLDWHGZLWKSDUWLFXODUW\SHVRIHDWLQJ


GLVRUGHUV)RUDUHYLHZVHH:DUGHWDO&RQVHTXHQWO\YHU\IHZVWXGLHVKDYH
DWWHPSWHGWRXQGHUVWDQGKRZDWWDFKPHQWWKHRU\DVDWKHRU\RIHPRWLRQDQGGLVWUHVV
UHJXODWLRQLQIOXHQFHVHDWLQJSDWKRORJ\VXFKDVELQJHHDWLQJWKURXJKYDULRXVFRSLQJDQG
HPRWLRQUHJXODWLRQVWUDWHJLHVWKDWKDYHEHHQFRQVLVWHQWO\DVVRFLDWHGZLWKDWWDFKPHQWVW\OHVLQ
SDVWUHVHDUFKFRQGXFWHGDFURVVDYDULHW\RIFRQWH[WV0LNXOLQFHU	)ORULDQ7KXVWKH
SDWKZD\VUHJDUGLQJKRZDWWDFKPHQWVW\OHLVOLQNHGZLWKELQJHHDWLQJDUHXQFOHDU7RWKLVHQG
WKHILUVWPDMRUDLPRIWKLVWKHVLVLVWRH[DPLQHWKHDVVRFLDWLRQVEHWZHHQDWWDFKPHQWVW\OHDQG
ELQJHHDWLQJWKURXJKYDULRXVFRSLQJVWUDWHJLHVDQGRWKHUUHJXODWRU\IDFWRUVZLGHO\VWXGLHGLQ
WKHELQJHHDWLQJOLWHUDWXUHWKDWKDYHVWURQJWKHRUHWLFDOOLQNVWRDWWDFKPHQWVW\OH7KHVH
DGGLWLRQDOUHJXODWRU\IDFWRUVLQFOXGHHPRWLRQDORYHUHDWLQJGLIILFXOWLHVLQUHJXODWLQJHPRWLRQV
LHHPRWLRQG\VUHJXODWLRQWKHH[SHULHQFHRIQHJDWLYHDQGSRVLWLYHDIIHFWDQGGLHWDU\
UHVWUDLQW
)XUWKHUPRUHWKHLQFUHDVLQJXVHRIWKHWHUPFRPIRUWHDWLQJLQWKHELQJHHDWLQJ
OLWHUDWXUHLVWKHUHVXOWRIQXPHURXVVWXGLHVWKDWVXJJHVWVRPHLQGLYLGXDOVHQJDJHLQELQJH
HDWLQJDVDIRUPRIVHOIVRRWKLQJ&RRSHU0RUULVRQ%LJPDQ	$EUDPRZLW]+VX
.D\H*ZLUWVPDQ*HRUJH:HL/LQJVZLOHU&URZWKHU	6WHSKHQVRUWR
GHULYHDVHQVHRIFRPIRUWZKHQGLVWUHVVHGRUGHSUHVVHG±PXFKOLNHWKDWGHULYHGZKHQ
VHHNLQJRXWWKHVXSSRUWRIDIDPLO\PHPEHURUIULHQG5RWK)URPDQDWWDFKPHQW
WKHRU\SHUVSHFWLYHWKLVHYLGHQFHSRLQWVWRWKHSRVVLELOLW\WKDWIRRGPD\DWOHDVWIRUVRPH
LQGLYLGXDOVZKRH[SHULHQFHELQJHHDWLQJIXOILOIXQGDPHQWDODWWDFKPHQWQHHGVIRUORYH
FRPIRUWDQGVHFXULW\7KXVWKHVHFRQGPDMRUDLPRIWKLVWKHVLVLVWRLQYHVWLJDWHWKHH[WHQWWR
ZKLFKIRRGIXOILOVDWWDFKPHQWIXQFWLRQVFRPSDUHGWRGLIIHUHQWW\SHVRIFORVHUHODWLRQVKLSV±
QDPHO\IDPLOLDOURPDQWLFDQGSHHUUHODWLRQV7RWKLVHQGWKLVWKHVLVSURYLGHVWKHILUVWNQRZQ
GDWDUHJDUGLQJWKHUROHRIIRRGLQIXOILOLQJDWWDFKPHQWQHHGV


7DNHQWRJHWKHUWKHWZRDLPVRIWKLVWKHVLVDUHOLNHO\WROHDGWRDJUHDWHUXQGHUVWDQGLQJ
RIKRZDWWDFKPHQWLQVHFXULWLHVPD\FRQWULEXWHWRWKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJH
HDWLQJDQGWKHH[WHQWWRZKLFKIRRGIXOILOVDWWDFKPHQWQHHGV,QWXUQWKLVLQIRUPDWLRQPD\
SURYLGHLPSRUWDQWLQVLJKWVIRUWKHUDSLVWVLQWKHSUHYHQWLRQDQGWUHDWPHQWRIELQJHHDWLQJWKDW
LQFRUSRUDWHVDUHODWLRQVKLSSHUVSHFWLYH7RGDWHWKHSUHGRPLQDQWWUHDWPHQWDSSURDFKHVLQ
ZRUNLQJZLWKELQJHHDWLQJDUHFRJQLWLYHEHKDYLRXUDOWKHUDS\HJ7DVFD5LWFKLH	%DOIRXU
DQGLQWHUSHUVRQDOWKHUDS\,370XUSK\6WUDHEOHU%DVGHQ&RRSHU	)DLUEXUQ
7DVFDHWDO7KXVWKHUHLVLQFUHDVLQJDFNQRZOHGJHPHQWRIWKHLPSRUWDQFHRIWDNLQJ
UHODWLRQVKLSSHUVSHFWLYHVLQDVVLVWSHRSOHZLWKELQJHHDWLQJ+RZHYHU5LHJHUHWDO
VXJJHVWWKDWZKLOH,37LVORRVHO\EDVHGLQDUHODWLRQVKLSVSHUVSHFWLYHLWODFNVDFOHDU
RUJDQLVLQJUHODWLRQVKLSVIUDPHZRUNWRJXLGHDQGHQKDQFHLQWHUSHUVRQDODSSURDFKHVWRGHDOLQJ
ZLWKVXFKGLVRUGHUHGHDWLQJEHKDYLRXU7KXVDWWDFKPHQWWKHRU\PD\SURYLGHLPSRUWDQW
LQVLJKWVLQWRKRZLQWHUSHUVRQDOGLIILFXOWLHVLQWKHIRUPRIDWWDFKPHQWLVVXHVPD\FRQWULEXWHWR
GLIIHUHQWSDWKZD\VLQWKHGHYHORSPHQWDQGPDLQWHQDQFHRIDQHDWLQJGLVRUGHU

 7KHVLV2YHUYLHZ
7KLVFKDSWHUSURYLGHVDEULHIRYHUYLHZRIWKHWKHVLVWRSLFWKHPDMRUUHVHDUFKDLPVDQG
DQRXWOLQHRIWKHWKHVLV&KDSWHUSURYLGHVDQRYHUYLHZRIELQJHHDWLQJKLJKOLJKWLQJWKH
VKRUWDQGORQJWHUPFRQVHTXHQFHVRIWKLVHDWLQJEHKDYLRXU5HVHDUFKLQWRWKHSV\FKRORJLFDO
DQGSV\FKRVRFLDOULVNIDFWRUVDVVRFLDWHGZLWKELQJHHDWLQJHOXFLGDWHVVHYHUDOLQGLYLGXDOULVN
IDFWRUVLQFOXGLQJGLHWDU\UHVWUDLQWWKLQLGHDOLQWHUQDOLVDWLRQERG\GLVVDWLVIDFWLRQVWUHVV
QHJDWLYHDIIHFWLYLW\DQGPDODGDSWLYHFRSLQJVWUDWHJLHV6WLFH7KLVFKDSWHU
SURYLGHVDFRPSUHKHQVLYHUHYLHZRIKRZWKHVHULVNIDFWRUVDUHK\SRWKHVLVHGWRFRQWULEXWHWR
WKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJHHDWLQJ$GGLWLRQDOO\WKLVFKDSWHUUHYLHZVWKH
HPSLULFDOHYLGHQFHVXSSRUWLQJPRGHOVRIELQJHHDWLQJDQGGLVFXVVHVWKHK\SRWKHVLVHGOLQNV


EHWZHHQWKHYDULDEOHVLQWKHVHPRGHOV,WVKRXOGEHQRWHGKHUHWKDWLWLVEH\RQGWKHVFRSHRI
WKLVWKHVLVWRGLVFXVVDQGH[SORUHDOONQRZQULVNIDFWRUVUHODWLQJWRELQJHHDWLQJEHKDYLRXU
+RZHYHUWKRVHPRVWUHOHYDQWWRWKHFXUUHQWVWXG\DUHGLVFXVVHGLQ&KDSWHUDVQRWHGDERYH
&KDSWHULQWURGXFHVDWWDFKPHQWWKHRU\DVSURYLGLQJDWKHRUHWLFDOIUDPHZRUNIRU
H[SORULQJWKHUHODWLRQVKLSELQJHHDWLQJLQGLYLGXDOVDQHFGRWDOO\UHSRUWKDYLQJZLWKIRRG
ZKLOVWPDNLQJWKHDUJXPHQWWKDWIRRGPD\EHIXOILOOLQJDWWDFKPHQWQHHGVIRUVRPHRIWKHVH
LQGLYLGXDOV,QWKLVFKDSWHUDWWDFKPHQWWKHRU\LVSUHVHQWHGDVDWKHRU\RIHPRWLRQUHJXODWLRQ
ZKHUHE\GLIIHUHQFHVLQDWWDFKPHQWDUHDVVRFLDWHGZLWKGLIIHUHQFHVLQKRZDQLQGLYLGXDO
DSSUDLVHVDQGVXEVHTXHQWO\FRSHVZLWKGLVWUHVV$FRPSUHKHQVLYHUHYLHZRIWKHUHVHDUFK
OLQNLQJDWWDFKPHQWWRVWUHVVDQGFRSLQJQHJDWLYHDIIHFWLYLW\DQGXQGHUXWLOLVDWLRQRIVRFLDO
VXSSRUWLVSURYLGHGDQGVKHGVOLJKWRQKRZDWWDFKPHQWPD\EHLPSOLFDWHGLQWKHDIIHFW
UHJXODWLRQPRGHORIELQJHHDWLQJ$GGLWLRQDOO\WKLVFKDSWHUSRLQWVWRHPHUJLQJUHVHDUFK
OLQNLQJDWWDFKPHQWZLWKGLHWDU\UHVWUDLQWDQGSURYLGHVDQDUJXPHQWIRUKRZDWWDFKPHQWPD\
IXUWKHUFRQWULEXWHWRELQJHHDWLQJWKURXJKDVHULHVRIZLGHO\VWXGLHGFRSLQJDQGUHJXODWRU\
VWUDWHJLHVDUWLFXODWHGDFURVVWKHELQJHHDWLQJDQGDWWDFKPHQWOLWHUDWXUHV
&KDSWHUSURYLGHVDQDUJXPHQWIRUKRZDWWDFKPHQWPD\FRQWULEXWHWRELQJHHDWLQJ
YLDWKHSUHYLRXVO\GLVFXVVHGDVVRFLDWLRQVEHWZHHQDWWDFKPHQWDQGYDULRXVFRSLQJDQG
UHJXODWRU\VWUDWHJLHVDQGDIIHFWLYHYDULDEOHVDVVRFLDWHGZLWKELQJHHDWLQJ,QH[DPLQLQJWKHVH
DVVRFLDWLRQVWKLVFKDSWHUXOWLPDWHO\PDNHVDFDVHIRUKRZDWWDFKPHQWVW\OHWKURXJKDVHULHV
RIFRSLQJDQGUHJXODWRU\VWUDWHJLHVDQGDIIHFWLYHYDULDEOHVLVDVVRFLDWHGZLWKELQJHHDWLQJ
7KLVFKDSWHUFRQFOXGHVZLWKDGLVFXVVLRQRIKRZIRRGPD\IXQFWLRQWRIXOILOWKHDWWDFKPHQW
QHHGVRILQGLYLGXDOVZKRH[SHULHQFHELQJHHDWLQJDQGGHWDLOVWKHUHVHDUFKDLPVDQG
K\SRWKHVHVRIWKLVWKHVLV
&KDSWHURXWOLQHVWKHPHWKRGRORJ\RIWKHLQYHVWLJDWLRQLQFOXGLQJDGHWDLOHG
GHVFULSWLRQRIWKHVWXG\SDUWLFLSDQWVPHDVXUHVDQGGDWDDQDO\WLFDOWHFKQLTXHVXQGHUWDNHQWR


DGGUHVVWKHVWXG\DLPVDQGK\SRWKHVHV,QSDUWLFXODUDWWHQWLRQLVJLYHQWRWKHH[SODQDWLRQRI
SDWKDQDO\VLVDQGWHVWLQJRIPXOWLYDULDWHPRGHOV
&KDSWHUSUHVHQWVWKHDQDO\VHVIRUWKHILUVWDLPRIWKHVWXG\,QGRLQJVRWKLVFKDSWHU
HYDOXDWHVWKHGLUHFWDQGLQGLUHFWHIIHFWVRIDWWDFKPHQWRQWKHFRSLQJDQGUHJXODWRU\VWUDWHJLHV
DQGDIIHFWLYHYDULDEOHVOLQNHGWRELQJHHDWLQJ0XOWLJURXSLQYDULDQFHWHVWLQJKLJKOLJKWVWKH
GLIIHUHQFHVLQDVVRFLDWLRQVEHWZHHQYDULDEOHVIRUWKRVHLQGLYLGXDOVZKRELQJHHDWFRPSDUHGWR
WKRVHZKRGRQRWELQJHHDW
&KDSWHUSUHVHQWVWKHUHVXOWVIRUWKHVHFRQGDLPRIWKHVWXG\,QWKLVFKDSWHUWKH
H[WHQWWKDWIRRGLVXVHGWRIXOILOSHRSOH¶VDWWDFKPHQWQHHGVLVSUHVHQWHGDQGFRPSDULVRQVDUH
PDGHEHWZHHQELQJHHDWLQJDQGQRQELQJHHDWLQJLQGLYLGXDOV
&KDSWHUSURYLGHVDGLVFXVVLRQRIWKHUHVXOWVDGGUHVVLQJWKHDLPVDQGK\SRWKHVHVRI
WKHVWXG\7KLVFKDSWHUDOVRDGGUHVVHVWKHVWUHQJWKVDQGOLPLWDWLRQVRIWKHVWXG\DQGGLVFXVVHV
WKHWKHRUHWLFDODQGDSSOLHGLPSOLFDWLRQVRIWKHUHVHDUFKILQGLQJV



&+$37(5
%LQJH(DWLQJ
,QWKLVFKDSWHUDQRYHUYLHZRIELQJHHDWLQJLVSURYLGHGLQFOXGLQJGLDJQRVWLFFULWHULD
SUHYDOHQFHDQGWKHLPPHGLDWHDQGORQJWHUPFRQVHTXHQFHVRIWKLVGLVRUGHUHGHDWLQJ
EHKDYLRXU7KHHPSLULFDOHYLGHQFHOLQNLQJELQJHHDWLQJZLWKDQXPEHURISV\FKRORJLFDODQG
SV\FKRVRFLDOULVNIDFWRUVLVDOVRSUHVHQWHGLQWKLVFKDSWHU6SHFLILFDOO\ZLGHO\VWXGLHG
DHWLRORJLFDOPRGHOVRIELQJHHDWLQJDUHUHYLHZHG+HDWKHUWRQ	%DXPHLVWHU3ROLY\	
+HUPDQ6WLFH,QGRLQJVRWKLVFKDSWHUKLJKOLJKWVWKHFXUUHQWNQRZOHGJH
LQWKHDUHDUHJDUGLQJNH\UHJXODWRU\IDFWRUVWKDWLQIOXHQFHWKHGHYHORSPHQWDQGPDLQWHQDQFH
RIELQJHHDWLQJ

 'HILQLWLRQVDQG3UHYDOHQFHRI%LQJH(DWLQJ
7KH'LDJQRVWLFDQG6WDWLVWLFDO0DQXDORI0HQWDO'LVRUGHUV±)LIWK(GLWLRQ±7H[W
5HYLVLRQ'60±975$3$GHILQHVELQJHHDWLQJDVHDWLQJEHKDYLRXUFKDUDFWHULVHG
E\WKHFRQVXPSWLRQRIDQXQXVXDOO\ODUJHDPRXQWRIIRRGZLWKLQDWZRKRXUWLPHIUDPH
DFFRPSDQLHGE\DVHQVHRIODFNLQJFRQWURORYHUWKHW\SHDQGDPRXQWRIIRRGEHLQJFRQVXPHG
:KLOVWWKHUHKDVEHHQFRQVLGHUDEOHGHEDWHLQWKHOLWHUDWXUHUHJDUGLQJWKHFULWHULRQIRUDELQJH
HSLVRGHWKHUHLVDJHQHUDOFRQVHQVXVWKDWSHUFHLYHGORVVRIFRQWUROZKHQRYHUHDWLQJERWKLQ
UHJDUGVWRWKHDPRXQWDQGW\SHRIIRRGLVWKHGHILQLQJFKDUDFWHULVWLFRIDELQJH)DLUEXUQ	
:LOVRQ
%LQJHHDWLQJLVWKHNH\GLDJQRVWLFFULWHULRQIRUWZRHDWLQJGLVRUGHUFODVVLILFDWLRQV
EXOLPLDQHUYRVDDQGELQJHHDWLQJGLVRUGHU$3$%XOLPLDQHUYRVD%1LV
FKDUDFWHULVHGE\UHFXUUHQWDWOHDVWWZLFHSHUZHHNIRUWKUHHPRQWKVHSLVRGHVRIELQJHHDWLQJ
DQGLQDSSURSULDWHFRPSHQVDWRU\EHKDYLRXUVWRSUHYHQWZHLJKWJDLQ,QGLYLGXDOVZLWK%1DUH


IXUWKHUGLYLGHGLQWRWZRVXEW\SHVGHSHQGLQJRQZKHWKHUFRPSHQVDWRU\EHKDYLRXUVDUH
SXUJDWLYHYRPLWLQJPLVXVHRIOD[DWLYHVGLXUHWLFVRUHQHPDVRUQRQSXUJDWLYHH[FHVVLYH
H[HUFLVHDQGRUIDVWLQJ6LPLODUO\ELQJHHDWLQJGLVRUGHU%('ZKLOVWQRWDIRUPDO
GLDJQRVWLFFDWHJRU\LVUHFRJQLVHGDVDGLVWLQFWFDWHJRU\RIHDWLQJSDWKRORJ\UHTXLULQJIXUWKHU
VWXG\$3$DQGLVFXUUHQWO\LQFOXGHGDVSDUWRIWKHGLDJQRVLV(DWLQJ'LVRUGHU1RW
2WKHUZLVH6SHFLILHG('126%('LVFKDUDFWHULVHGE\HSLVRGLFELQJHHDWLQJDWOHDVWWZLFH
SHUZHHNIRUVL[PRQWKVDFFRPSDQLHGE\IHHOLQJVRIGLVWUHVVDERXWWKHRFFXUUHQFHDQG
IUHTXHQF\RIELQJHHSLVRGHV+RZHYHUXQOLNH%1LQGLYLGXDOVZLWK%('GRQRWHQJDJHLQ
LQDSSURSULDWHPHWKRGVWRFRPSHQVDWHIRURYHUHDWLQJ)XUWKHUPRUHZKLOVW$QRUH[LD1HUYRVD
$1LVFKDUDFWHULVHGE\WKHUHIXVDOWRPDLQWDLQDPLQLPDOO\QRUPDOERG\ZHLJKWGHILQHGLQ
WKH'60DVD%0,RIXQGHUWKHUHDOVRH[LVWVDELQJHLQJSXUJLQJVXEW\SH$3$
7KHUHIRUHELQJHHDWLQJLVDEHKDYLRXUIRXQGWKURXJKRXWWKHVSHFWUXPRI'60HDWLQJGLVRUGHU
GLDJQRVWLFDQGUHVHDUFKFDWHJRULHV
7KHRQVHWRI%1DQG%('LVWKRXJKWWRRFFXUGXULQJODWHDGROHVFHQFHRUHDUO\DGXOW
OLIHKRZHYHUOHVVLVNQRZQDVWRWKHRQVHWRIVXEFOLQLFDOOHYHOVRIELQJHHDWLQJ5HVHDUFK
ILQGVWKDWDGROHVFHQWDQGSUHDGROHVFHQWFKLOGUHQHQJDJHLQELQJHHDWLQJEHKDYLRXU.DUDQW]DV
6WLFH3UHVVQHOO	6SDQJOHUVXJJHVWLQJDPXFKHDUOLHURQVHW+RZHYHUVXFK
UHVHDUFKLVOLPLWHGWRRQO\DFRXSOHRIVWXGLHV
5HYLVLRQVRIWKH'60KDYHUHIOHFWHGDQRQJRLQJHIIRUWWRFODVVLI\HDWLQJGLVRUGHU
V\PSWRPVLQDFOLQLFDOO\XVHIXOZD\7KHFXUUHQWXVHRIGLVFUHWHFDWHJRULHVRIHDWLQJGLVRUGHUV
KDVXQGHUJRQHVFUXWLQ\DVDJURZLQJERG\RIHYLGHQFHSRLQWVWRDGLPHQVLRQDODSSURDFK
&ROH'HWNH	.REDN)LW]JLEERQ6iQFKH]-RKQVHQ	0DUWLQRYLFK3LNH	
5RGLQ7KHODQ0DQQ3UXLWW	6PLWK7\OND	6XELFK6XFK
HPSLULFDOHYLGHQFHVXJJHVWVWKDWHDWLQJGLVRUGHUVDUHQRWSURWRW\SLFFDWHJRULHVDQGWKDW
GLVRUGHUHGHDWLQJEHKDYLRXUVOLNHELQJHHDWLQJVKRXOGEHUHSUHVHQWHGDORQJDFRQWLQXXPRI


HDWLQJGLVRUGHUV\PSWRPDWRORJ\0RUHRYHULWLVDUJXHGWKDWVSHFLILFHDWLQJGLVRUGHU
GLDJQRVHVHJ$1DQG%1DUHQRWXVHIXOLQWUHDWPHQWSODQQLQJDQGPHUHO\ODEHODQ
LQGLYLGXDOZLWKRXWEHQHILWLQJWKHPLQWHUPVRIWUHDWPHQWRXWFRPHV)DLUEXUQ	%RKQ
)XUWKHUPRUHWKHUHLVKHDWHGGHEDWHDVWRZKDWGHILQHVQRUPDOF\DQGSDWKRORJ\LQ
DUHDVUHODWHGWRHDWLQJEHKDYLRXUHJ+VX	6RENLHZLF]0DVKHE	*ULOR)RU
H[DPSOHLWLVQRWXQFRPPRQIRUFHUWDLQVRFLDORFFDVLRQVWREHPDUNHGE\LQGXOJLQJLQ
RYHUHDWLQJKLJKO\FDORULILFIRRGVHJELUWKGD\VDQGKROLGD\V+RZHYHUWKHUHLVDJHQHUDO
FRQVHQVXVWKDWELQJHHDWLQJGLIIHUVIURPVRFDOOHGQRUPDORUVRFLDOO\VDQFWLRQHGHSLVRGHVRI
RYHUHDWLQJLQUHJDUGVWRWKHTXDQWLW\RIIRRGHDWHQWKHFRPSXOVLYHQDWXUHRIWKHHDWLQJDQG
WKHSV\FKRORJLFDODIWHUPDWKLQWHUPVRIWKHH[SHULHQFHRIQHJDWLYHDIIHFW:LOVRQ	:DOVK

%LQJHHDWLQJWKDWRFFXUVZLWKLQWKHFRQWH[WRID'60GHILQHGHDWLQJGLVRUGHUHIIHFWV
RQO\DVPDOOPLQRULW\RIWKHSRSXODWLRQZLWKSUHYDOHQFHUDWHVIRU%1DQG%('UDQJLQJIURP
DSSUR[LPDWHO\LQ:HVWHUQLVHGFRXQWULHV0F&DEH	5LFFLDUGHOOL6WLFHHWDO
+RZHYHUUHVHDUFKLQGLFDWHVWKDWDVXEVWDQWLDOSURSRUWLRQRIPDOHVDQGIHPDOHVLQWKH
JHQHUDOSRSXODWLRQDOVRHQJDJHLQELQJHHDWLQJEHKDYLRXU0F&DEH	5LFFLDUGHOOL
6WLFHHWDO3UHYDOHQFHRIELQJHHDWLQJDPRQJVW:HVWHUQFRPPXQLW\SRSXODWLRQVYDU\
GUDPDWLFDOO\ZLWKHVWLPDWHVUDQJLQJIURPWRIRUIHPDOHVDQGWRIRUPDOHV
0F&DEH	5LFFLDUGHOOL$UHFHQWVWXG\E\6WULHJHO0RRUHHWDORIRYHU
SDUWLFLSDQWVUDQGRPO\VHOHFWHGIURPWKHFRPPXQLW\HVWLPDWHGWKHSUHYDOHQFHUDWHIRUELQJH
HDWLQJV\PSWRPDWRORJ\WREHEHWZHHQDQG6WULHJHO0RRUHHWDO
0F&DEHDQG5LFFLDUGHOOLKLJKOLJKWWKDWGHWHUPLQLQJWUXHSUHYDOHQFHUDWHVKDV
SURYHQGLIILFXOWGXHWRPHWKRGRORJLFDOOLPLWDWLRQVVXFKDVSUREOHPVZLWKGHILQLWLRQVDQG
LQWHUSUHWDWLRQVRIELQJHHDWLQJDVZHOODVGLIIHUHQFHVEHWZHHQVHOIUHSRUWDQGLQWHUYLHZ
PHDVXUHV)RUH[DPSOHHDWLQJGLVRUGHUUHVHDUFKKDVZLGHO\XVHGWKHVHOIUHSRUW(DWLQJ


'LVRUGHU([DPLQDWLRQ4XHVWLRQQDLUH('(4)DLUEXUQDQG%HJOLQDVDQDOWHUQDWLYHWR
WKHZHOOHVWDEOLVKHGLQWHUYLHZPHDVXUH(DWLQJ'LVRUGHU([DPLQDWLRQ>('(@)DLUEXUQ	
&RRSHU
6WXGLHVFRPSDULQJWKHSHUIRUPDQFHRIWKH('(4ZLWKWKDWRIWKH('(KDYHVKRZQ
WKDWLQVRPHUHVSHFWVLWSHUIRUPVZHOOEXWLQRWKHUVLWGRHVQRWVHH3HWHUVRQ	0LWFKHOO
)RUH[DPSOHVRPHUHVHDUFKHUVDUJXHWKDWVHOIUHSRUWPHDVXUHVRIGLVRUGHUHGHDWLQJ
DUHPRUHDFFXUDWHDVSDUWLFLSDQWVDUHPRUHOLNHO\WRGLYXOJHHPEDUUDVVLQJEHKDYLRXUVOLNH
ELQJHLQJDQGSXUJLQJ)DLUEXUQ	%HJOLQ3HWHUVRQ	0LWFKHOO2QWKHRWKHU
KDQGUHVHDUFKHUVFODLPWKDWVHOIUHSRUWPHDVXUHVPD\UHVXOWLQHUURQHRXVVFRUHVRQFHUWDLQ
HDWLQJSDWKRORJLHVGXHWRSDUWLFLSDQWVPLVXQGHUVWDQGLQJZKDWFRQVWLWXWHVEHKDYLRXUVOLNH
ELQJHHDWLQJRUUHVWULFWLYHGLHWLQJ6SHFLILFDOO\VXFKUHVHDUFKHUVDUJXHWKDWIDFHWRIDFH
LQWHUYLHZVSURYLGHDPRUHDFFXUDWHDVVHVVPHQWRIWKHSUHFLVHQDWXUHRISDUWLFLSDQWVHDWLQJ
EHKDYLRXUVE\DOORZLQJIRUIXUWKHUH[SORUDWLRQRISDUWLFLSDQWVUHVSRQVHV3HWHUVRQ	
0LWFKHOO+RZHYHULUUHVSHFWLYHRIWKHPHWKRGXVHGSUHYDOHQFHUDWHVDFURVVERWK
IRUPVRIDVVHVVPHQWRIWHQVKRZKLJKFRQFRUGDQFHVXJJHVWLQJFRQVLGHUDEOHFRUUHVSRQGHQFH
DFURVVDVVHVVPHQWPHWKRGV)DLUEXUQ	%HJOLQ0RUHRYHUWKHWLPHDQGPRQHWDU\FRVWV
DVVRFLDWHGZLWKDGPLQLVWHULQJLQWHUYLHZVLQUHVHDUFKVWXGLHVDUHVXFKWKDWWKHVHOIUHSRUW
PHDVXUHVRIWHQSURYLGHFRVWHIIHFWLYHDQGWLPHVDYLQJEHQHILWVZKLOHDOVR\LHOGLQJ
VLJQLILFDQWO\ODUJHUVDPSOHVL]HV*LYHQWKHKLJKFRUUHVSRQGHQFHEHWZHHQWKH('(DQGWKH
('(4DQGWKHDLPWRFROOHFWDODUJHVFDOHVWXG\RIELQJHHDWLQJWKHSUHVHQWVWXG\WRRND
VHOIUHSRUWDSSURDFKWRWKHDVVHVVPHQWRIELQJHHDWLQJXVLQJWKH('(4DVRQHRIDYDULHW\RI
VHOIUHSRUWPHDVXUHV





 3K\VLFDODQG3V\FKRORJLFDO&RQVHTXHQFHVRI%LQJH(DWLQJ
$ODUPLQJO\UHFHQWUHVHDUFKLQGLFDWHVWKDWLQWKHSDVWGHFDGHGLVRUGHUHGHDWLQJKDV
LQFUHDVHGWZRIROGDPRQJVW$XVWUDOLDQPDOHVDQGIHPDOHV\HDUVDQGROGHU+D\0RQG
%XWWQHU	'DUE\(QJDJLQJLQUHJXODUELQJHHDWLQJKDVEHHQDVVRFLDWHGZLWKD
SOHWKRUDRISK\VLFDODQGSV\FKRORJLFDOFRQVHTXHQFHVVRPHRIZKLFKHJREHVLW\DUHPDMRU
FRQWULEXWRUVWRWKHJOREDOEXUGHQRIFKURQLFGLVHDVHDQGGLVDELOLW\:RUOG+HDOWK
2UJDQLVDWLRQ>:+2@7KHLPPHGLDWHSK\VLFDOFRQVHTXHQFHVRIELQJHHDWLQJLQFOXGH
DEGRPLQDOGLVFRPIRUWEORDWLQJDQGIHHOLQJVRIH[WUHPHIXOOQHVV)DLUEXUQ
)XUWKHUPRUHUHJXODUELQJHHDWHUVFRPPRQO\VXIIHUIURPGLJHVWLYHSUREOHPVVXFKDVVWRPDFK
FUDPSVIODWXOHQFHFRQVWLSDWLRQDQGGLDUUKRHD)DLUEXUQ$GGLWLRQDOO\ELQJHHSLVRGHV
DUHW\SLFDOO\IROORZHGE\IHHOLQJVRIJXLOWVKDPHDQGLQFUHDVHGFRQFHUQDERXWERG\ZHLJKW
DQGZHLJKWJDLQ6WLFHHWDO7KHORQJHUWHUPFRQVHTXHQFHVRIELQJHHDWLQJLQFOXGHDQ
LQFUHDVHGULVNIRUZHLJKWJDLQDQGREHVLW\FRPRUELGSV\FKRSDWKRORJ\HJPRRGDQG
DQ[LHW\GLVRUGHUVGH=ZDDQ0LWFKHOO6HLP	6SHFNHUDQGDGGLWLRQDOHDWLQJ
SDWKRORJ\)RUH[DPSOHQXPHURXVVWXGLHVGRFXPHQWWKHOLQNEHWZHHQVXEFOLQLFDOOHYHOVRI
GLVRUGHUHGHDWLQJLQFOXGLQJELQJHHDWLQJDQGWKHVXEVHTXHQWGHYHORSPHQWRIGLDJQRVDEOH
HDWLQJGLVRUGHUV)LW]JLEERQHWDO+HU]RJ+RSNLQV	%XUQV6WLFH+D\ZDUG
&DPHURQ.LOOHQ	7D\ORU

 %LQJH(DWLQJDQG2EHVLW\
)UHTXHQWELQJHHDWLQJZLWKRXWFRPSHQVDWLRQFRQWULEXWHVWRZHLJKWJDLQDQGFDQOHDG
WRREHVLW\ZKLFKSUHGLVSRVHVLQGLYLGXDOVWRDKRVWRISK\VLFDODQGSV\FKRORJLFDODLOPHQWV
+D\0LWFKHOO3\OH(FNHUW+DWVXNDPL	6ROO:ROI	&ROGLW]7R
LOOXVWUDWH+D\IRXQGDVLJQLILFDQWSRVLWLYHFRUUHODWLRQEHWZHHQELQJHHDWLQJDQG%RG\
0DVV,QGH[%0,DPHDVXUHPHQWRIZHLJKWVWDWXVFDOFXODWHGE\ZHLJKW>NJ@GLYLGHGE\


KHLJKWVTXDUHG>Pð@*ULOR0DVKHE:LOVRQ*XHRUJXLHYD	:KLWH&RQVLVWHQWO\WKH
SUHYDOHQFHRIELQJHHDWLQJLVIRXQGWREHVLJQLILFDQWO\KLJKHULQVDPSOHVRILQGLYLGXDOV
DWWHQGLQJZHLJKWORVVSURJUDPVWKDQLQFRPPXQLW\SRSXODWLRQV)DLUEXUQHWDO6SLW]HU
HWDO6SHFLILFDOO\6SLW]HUHWDOHVWLPDWHGWKDWELQJHHDWLQJRFFXUVLQVDPSOHV
DWWHQGLQJZHLJKWORVVSURJUDPVDWDSUHYDOHQFHUDQJLQJIURPRQHTXDUWHUWRRQHKDOIRIDOO
DWWHQGHHV
2EHVLW\LVUHFRJQLVHGDVDPDMRUFRQWULEXWRUWRWKHJOREDOEXUGHQRIFKURQLFGLVHDVH
DQGGLVDELOLW\:+22EHVLW\SUHYDOHQFHLVHVWLPDWHGWRKDYHUHDFKHGHSLGHPLF
SURSRUWLRQVZLWKRYHUELOOLRQRYHUZHLJKWDGXOWVJOREDOO\DQGDWOHDVWPLOOLRQRIWKHVH
DGXOWVFODVVLILHGDVREHVH:+27KHGLUHFWFRVWVDWWULEXWHGWRREHVLW\FRQVXPH
VLJQLILFDQWSURSRUWLRQVRILQGXVWULDOLVHGQDWLRQV¶KHDOWKEXGJHWV)LQNHOVWHLQ7URJGRQ
&RKHQ	'LHW]+RZHYHURIKLJKHUFRQFHUQLVWKHVXEVWDQWLDOLQGLUHFWFRVWVRI
REHVLW\VXFKDVZRUNGD\VORVWSK\VLFLDQYLVLWVGLVDELOLW\SHQVLRQVDQGSUHPDWXUHPRUWDOLW\
:+2
2YHUZHLJKWRUREHVHLQGLYLGXDOVGHILQHGDVD%0,RYHUNJPDQGRYHU
NJPUHVSHFWLYHO\DUHDWLQFUHDVHGULVNIRUPDQ\IRUPVRIFDQFHUGLDEHWHVK\SHUWHQVLRQ
DQGRVWHRDUWKULWLV:+2:ROI	&ROGLW]$QDQDO\VHVFDUULHGRXWIRU:RUOG
+HDOWK5HSRUWIRXQGWKDWDSSUR[LPDWHO\RIGLDEHWHVRILVFKDHPLFKHDUW
GLVHDVHDQGRIFHUWDLQFDQFHUVJOREDOO\ZHUHDWWULEXWDEOHWRD%0,DERYHNJP
:+2$GGLWLRQDOO\YDULRXVGHELOLWDWLQJ\HWQRQIDWDOREHVLW\UHODWHGKHDOWK
SUREOHPVLQFOXGHUHVSLUDWRU\GLIILFXOWLHVFKURQLFPXVFXORVNHOHWDOSUREOHPVVNLQSUREOHPV
LQIHUWLOLW\SV\FKRSDWKRORJ\DQGLQWHUSHUVRQDOSUREOHPV:+2
:KLOVWWKHDIRUHPHQWLRQHGGLUHFWDQGLQGLUHFWFRVWVRIREHVLW\DUHDODUPLQJWKHPRUH
LQWDQJLEOHFRVWVVXFKDVDQLPSDLUHGTXDOLW\RIOLIHDORQHKLJKOLJKWWKHLPSRUWDQFHRI
UHVHDUFKDQGVWUDWHJLFGHYHORSPHQWDLPHGDWFRPEDWLQJWKLVHSLGHPLF7RWKLVHQGWKHSDVW


WZRGHFDGHVKDVVHHQWKHHPHUJHQFHRIUHVHDUFKDLPHGWRLGHQWLI\ZK\REHVLW\LVRQWKHULVH
DQGKRZWKLVKHDOWKSUREOHPFDQEHFRPEDWHG5HOHYDQWWRWKLVWKHVLVVRPHRIWKHVHUHVHDUFK
SURJUDPVKDYHIRFXVHGRQWKHUHODWLRQVKLSEHWZHHQELQJHHDWLQJDQGREHVLW\)DLUEXUQHWDO
6SLW]HUHWDO6XFKVWXGLHVKDYHOHGUHVHDUFKHUVWRFRQFOXGHWKDWDZD\IRUZDUG
LQXQGHUVWDQGLQJWKHHSLJHQHVLVRIREHVLW\LVWRXQGHUVWDQGWKHFRPSOH[LQWHUSOD\RIIDFWRUV
WKDWUHVXOWLQELQJHHDWLQJEHKDYLRXUZKLFKLQWXUQPD\OHDGWRREHVLW\)DLUEXUQHWDO
6SLW]HUHWDO

 $HWLRORJLFDO0RGHOVRI%LQJH(DWLQJ 
5HVHDUFKLQWRWKHSV\FKRORJLFDODQGSV\FKRVRFLDOULVNIDFWRUVDVVRFLDWHGZLWKELQJH
HDWLQJLGHQWLILHVVHYHUDOLQGLYLGXDOULVNIDFWRUVLQFOXGLQJEXWQRWOLPLWHGWRGLHWDU\UHVWUDLQW
WKLQLGHDOLQWHUQDOLVDWLRQERG\GLVVDWLVIDFWLRQVWUHVVHPRWLRQDORYHUHDWLQJDQGQHJDWLYH
DIIHFWLYLW\6WLFH6WULHJHO0RRUH7KHVHYDULDEOHVDUHWKRXJKWWR
FRQWULEXWHWRERWKWKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJHHDWLQJ$JUDV	7HOFK
)DLUEXUQ6WLFH&RRSHU'ROO1RUPDQ	2¶&RQQRU9RJHOWDQ]+ROP,QDQ
DWWHPSWWRH[SOLFDWHKRZWKHVHYDULDEOHVFRQWULEXWHWRELQJHHDWLQJ6WLFHUHYLHZHG
SUHYLRXVO\SURSRVHGPRGHOVRIELQJHHDWLQJDQGFRQFOXGHGWKDWWKHUHDSSHDUVWREHWZR
GLIIHUHQWSDWKZD\VWKDWOHDGWRELQJHHDWLQJ7KURXJKRXWWKHELQJHHDWLQJOLWHUDWXUHWKHVHWZR
SDWKZD\VDUHFRPPRQO\GLVFXVVHGLQWHUPVRIWZRPXOWLYDULDWHPRGHOVWKHUHVWUDLQWPRGHO
DQGWKHDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJ7KHIROORZLQJVHFWLRQVZLOOSURYLGHD
FRPSUHKHQVLYHUHYLHZRIWKHVHPRGHOVDQGSUHVHQWHPSLULFDOHYLGHQFHLQVXSSRUWRIWKHVH
PRGHOV7RSURYLGHDEULHIH[SODQDWLRQWKHUHVWUDLQWPRGHORIELQJHHDWLQJ+DZNLQV	
&OHPHQW3ROLY\	+HUPDQSURSRVHVWKDWWKLQLGHDOLQWHUQDOLVDWLRQDQGERG\
GLVVDWLVIDFWLRQOHDGWRGLHWDU\UHVWUDLQWZKLFKWULJJHUVELQJHHDWLQJDVDSK\VLRORJLFDO
PHFKDQLVPWRFRXQWHUDFWH[WUHPHFDORULFGHSULYDWLRQ7KHDIIHFWUHJXODWLRQPRGHORIELQJH


HDWLQJ+HDWKHUWRQ	%DXPHLVWHU3ROLY\HWDOSXUSRUWVWKDWELQJHHDWLQJLVXVHG
DVDPDODGDSWLYHFRSLQJVWUDWHJ\WRSURYLGHHLWKHUGLVWUDFWLRQIURPDYHUVLYHHPRWLRQVRUDVD
PHDQVWRLQGXFHVHHPLQJO\PRUHWROHUDEOHHPRWLRQVLHUHSODFLQJGLVWUHVVZLWKIHHOLQJVRI
JXLOWDQGVKDPHDERXWELQJHHDWLQJ

 7KH5HVWUDLQW0RGHORI%LQJH(DWLQJ
7KHUHVWUDLQWPRGHOLVEDVHGRQDVRFLRFXOWXUDOSHUVSHFWLYHRIELQJHHDWLQJ6WLFH
VXJJHVWLQJWKDWFXOWXUDOSUHVVXUHWREHWKLQIRVWHUVGLVFRQWHQWZLWKRQH¶VERG\DQG
PRWLYDWHVXQUHDOLVWLFGLHWDU\UHVWUDLQW$FFRUGLQJWRWKLVPRGHODVFULELQJWRWKHWKLQLGHDORI
IHPDOHEHDXW\SURPRWHVERG\GLVVDWLVIDFWLRQGXHWRDWKLQLGHDOEHLQJGLIILFXOWWRDWWDLQIRU
WKHPDMRULW\RIZRPHQ6WLFHHWDO7KLVLQWXUQSUHGLFWVGLHWDU\UHVWUDLQWQHJDWLYH
DIIHFWDQGELQJHHDWLQJ6WLFH2QFHELQJHHDWLQJRFFXUVDWWHPSWVDWULJLGUHVWUDLQWDUH
WKHRULVHGWREHJLQDJDLQSHUSHWXDWLQJWKHUHVWUDLQWELQJHF\FOH6WLFH.LOOHQ+D\ZDUG	
7D\ORU1XPHURXVVWXGLHVVXSSRUWWKHUHVWUDLQWPRGHOGHPRQVWUDWLQJWKDWGLHWDU\
UHVWUDLQWLVDNH\IDFWRULQWKHGHYHORSPHQWDQGPDLQWHQDQFHRIEXOLPLFSV\FKRSDWKRORJ\LQ
FOLQLFDOVDPSOHV%UHZHUWRQ'DQVN\.LOSDWULFN	2¶1HDO+HUPDQ	0DFN
3ROLY\	+HUPDQ
7KHUHVWUDLQWPRGHOSURSRVHVWKDWLQGLYLGXDOVDUHSK\VLRORJLFDOO\PRWLYDWHGWRHQJDJH
LQELQJHHDWLQJLQDQDWWHPSWWRFRPSHQVDWHIRUH[FHVVLYHFDORULFGHSULYDWLRQDVDUHVXOWRI
UHVWULFWLYHGLHWLQJ,QVXSSRUWRIWKLVUHVHDUFKLQGLFDWHVWKDWIRRGFXHVDUHUDWHGDVPRUH
SOHDVDQWE\LQGLYLGXDOVGHSULYHGRIIRRGUHODWLYHWRWKHLUQRQGHSULYHGFRXQWHUSDUWV%XOLN	
%ULQGHG
7KHUHVWUDLQWPRGHOLVSUHPLVHGRQWKHDEVWLQHQFHYLRODWLRQHIIHFWZKLFKLVD
FRJQLWLYHO\EDVHGFRQFHSWVXJJHVWLQJWKDWWKHLQHYLWDEOHYLRODWLRQRIH[WUHPHGLHWDU\UHVWUDLQW


DFWLYDWHVDOORUQRWKLQJWKLQNLQJ*ULOR	6KLIIPDQ7KLVGLVWRUWHGZD\RIWKLQNLQJ
GULYHVDQLQGLYLGXDOWREHOLHYHWKDWWKH\PXVWVWLFNWRWKHLUGLHWSHUIHFWO\RUHOVHWKH\ZLOO
KDYHFRPSOHWHO\IDLOHGLQWKHLUGLHW,QDVFULELQJWRWKLVGLFKRWRPRXVEHOLHIRQFHDQ
LQGLYLGXDOFRQVXPHVIRRGQRWLQWKHLUGLHWSODQWKH\EHOLHYHWKH\KDYHFRPSOHWHO\IDLOHGLQ
WKHLUGLHW:LWKLQWKHFRQWH[WRIFDORULFGHSULYDWLRQDQGWKHUHIRUHDQLQFUHDVHGGHVLUHIRU
IRRGWKHEHOLHIWKDWRQHKDVFRPSOHWHO\IDLOHGWKHLUGLHWSODQLVWKRXJKWWRWULJJHUDELQJH
HDWLQJHSLVRGH*ULOR	6KLIIPDQ
([SHULPHQWDOVWXGLHVSURYLGHVXSSRUWIRUWKHDEVWLQHQFHYLRODWLRQHIIHFW
GHPRQVWUDWLQJWKDWWKHFRQVXPSWLRQRIDKLJKFDORULHVQDFNSURPSWVVXEVHTXHQWRYHUHDWLQJLQ
UHVWUDLQHGHDWHUV+HUPDQ	0DFN5XGHUPDQ	&KULVWHQVHQ5HVHDUFKHUV
ILUVWO\FDWHJRULVHGSDUWLFLSDQWVDVHLWKHUUHVWUDLQHGLHWKH\UHSRUWHGVLJQLILFDQWFDORULH
UHVWULFWLRQRUXQUHVWUDLQHGHDWHUV$UDQGRPVXEVHWIURPHDFKJURXSZDVWKHQJLYHQDKLJK
FDORULHVQDFNLHDPLONVKDNHWRFRQVXPHZKLOVWWKHRWKHUVZHUHJLYHQQRVQDFN
)ROORZLQJWKLVDOOSDUWLFLSDQWVZHUHSURYLGHGZLWKDFFHVVWRDODUJHVXSSO\RIIRRGWR
FRQVXPHVXFKDVDIUHHEXIIHW7ZRVWXGLHVIROORZLQJWKLVH[SHULPHQWDOGHVLJQVLPLODUO\
IRXQGWKDWZKHQUHVWUDLQHGHDWHUVFRQVXPHDKLJKFDORULHVQDFNSULRUWRKDYLQJDFFHVVWRD
ODUJHVXSSO\RIIRRGWKH\ZLOOFRQVXPHVLJQLILFDQWO\PRUHIRRGWKDQXQUHVWUDLQHGHDWHUVZKR
KDYHEHHQSODFHGLQWKHVDPHFRQGLWLRQVLHKDYHDOVRFRQVXPHGDKLJKFDORULHVQDFNSULRU
+HUPDQ	0DFN5XGHUPDQ	&KULVWHQVHQ6XFKILQGLQJVLOOXVWUDWHWKDWXSRQ
EUHDNLQJRQH¶VGLHWUHVWUDLQHGHDWHUVZLOOHQJDJHLQELQJHHDWLQJWKHUHIRUHSURYLGLQJVXSSRUW
IRUWKHDEVWLQHQFHYLRODWLRQHIIHFW
7KHUHVWUDLQWPRGHOLVZLGHO\DFNQRZOHGJHGLQWKHELQJHHDWLQJOLWHUDWXUHZLWKDQ
DEXQGDQFHRIHPSLULFDOHYLGHQFHGHPRQVWUDWLQJWKDWH[FHVVLYHGLHWDU\UHVWUDLQWPD\WULJJHU
ELQJHHDWLQJHJ3ROLY\	+HUPDQ6WLFH)XUWKHUPRUHUHVHDUFK
LQGLFDWHVWKDWGLHWDU\UHVWUDLQWSOD\VDNH\UROHLQPDLQWDLQLQJELQJHHDWLQJV\PSWRPDWRORJ\


YLDDF\FOHRIGLHWLQJDQGELQJHHDWLQJLQZKLFKGLHWLQJLVUHVXPHGIROORZLQJELQJHHSLVRGHV
LQDQDWWHPSWWRFRXQWHUDFWFDORULILFHIIHFWV*ULOR	6KLIIPDQ3DWWRQ-RKQVRQ6DELQH
:RRG0DQQ	:DNHOLQ6WLFHHWDO7KLVGLHWELQJHF\FOHFDXVHVELQJHHDWHUV
WRH[SHULHQFHDSOHWKRUDRIDYHUVLYHHPRWLRQVVXFKDVIHHOLQJOLNHDIDLOXUHIRUQRWEHLQJDEOH
WRFRQWUROGLHWDU\LQWDNHIHDURIJDLQLQJZHLJKWIROORZLQJDELQJHDQGIHHOLQJVRIIUXVWUDWLRQ
KRSHOHVVQHVVDQGVHOIORDWKLQJUHODWHGWRELQJHHDWLQJDQGSXUJLQJEHKDYLRXUV)DLUEXUQ
0RUHRYHURQFHDQLQGLYLGXDOKDVHVWDEOLVKHGDURXWLQHRIGLHWLQJDQGELQJHLQJLWLV
H[WUHPHO\GLIILFXOWWREUHDNGXHWRDQLQWHQVHIHDUWKDWQRWHQJDJLQJLQUHVWULFWLYHGLHWLQJWR
FRPSHQVDWHIRUELQJHHDWLQJZLOOOHDGWRZHLJKWJDLQ)DLUEXUQ)XUWKHUPRUHHQJDJLQJ
LQDELQJHGLHWF\FOHSHUSHWXDWHVWKHH[SHULHQFHRIDYHUVLYHHPRWLRQVWKDWFRQWULEXWHWR
FKURQLFQHJDWLYHDIIHFWLYLW\DQGFRPRUELGSV\FKRSDWKRORJ\VXFKDVGHSUHVVLRQZKLFKLQ
WXUQLVDOVRDVVRFLDWHGZLWKELQJHHDWLQJ.HHO0LWFKHOO'DYLV	&URZ7KLVLV
GLVFXVVHGLQGHWDLOLQ6HFWLRQ
+RZHYHUGHVSLWHWKHDSSDUHQWUROHRIGLHWDU\UHVWUDLQWLQELQJHHDWLQJQRWDOOELQJH
HSLVRGHVIROORZSHULRGVRIFDORULFGHSULYDWLRQ(PSLULFDOHYLGHQFHVXJJHVWVWKDWLQGLYLGXDOV
ZKRELQJHHDWDUHMXVWDVOLNHO\WRGRVRRQGD\VZKHQIRRGLVUHVWULFWHGDVZKHQIRRGLVQRW
UHVWULFWHG<DQRYVNL*RUPDOO\/HVHU*ZLUWVPDQ	<DQRYVNL6LPLODUO\DPRQJVW
FRPPXQLW\VDPSOHVELQJHHDWLQJLVIUHTXHQWO\UHSRUWHGE\LQGLYLGXDOVLQWKHDEVHQFHRIRWKHU
HDWLQJGLVRUGHUHGV\PSWRPDWRORJ\HJ5LFFLDUGHOOL	0F&DEH7KHUHIRUHWKHUHDUH
RWKHUSV\FKRORJLFDODQGSV\FKRVRFLDOULVNIDFWRUVFRQWULEXWLQJWRELQJHHDWLQJWKDWDUHQRW
DFFRXQWHGIRUE\WKHUHVWUDLQWPRGHODORQH$VLOOXPLQDWHGE\6WLFHWKHUHDSSHDUVWR
EHDQDOWHUQDWLYHSDWKZD\WRELQJHHDWLQJWRDFFRXQWIRUZK\SHRSOHELQJHHDWZKHQIRRGLV
QRWUHVWULFWHG7KHDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJGHVFULEHVKRZDELQJHHSLVRGHPD\
EHWULJJHUHGE\DYHUVLYHHPRWLRQVDQGPDLQWDLQHGE\FKURQLFQHJDWLYHDIIHFWLYLW\7KLVPRGHO
LVGLVFXVVHGLQ6HFWLRQEHORZ


 7KH$IIHFW5HJXODWLRQ0RGHORI%LQJH(DWLQJ
7KHDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJ+HDWKHUWRQ	%DXPHLVWHU3ROLY\
	+HUPDQSURSRVHVWKDWELQJHHDWLQJLVDPDODGDSWLYHFRSLQJUHVSRQVHWKURXJKZKLFK
QHJDWLYHHPRWLRQVDUHPDQDJHG7KHELQJHHDWLQJOLWHUDWXUHFRPPRQO\UHIHUVWRWZRW\SHVRI
DIIHFWUHJXODWLRQPRGHOVWKHHVFDSHPRGHO+HDWKHUWRQ	%DXPHLVWHUDQGWKH
PDVNLQJPRGHO3ROLY\	+HUPDQ7KHHVFDSHPRGHOSURSRVHVWKDWWKHDFWRIELQJH
HDWLQJIDFLOLWDWHVFRJQLWLYHQDUURZLQJZKHUHE\DWWHQWLRQLVIRFXVHGRQHDWLQJLQRUGHUWR
EORFNRXWQHJDWLYHHPRWLRQV,QFRQWUDVWWKHPDVNLQJPRGHOSRVLWVELQJHHDWLQJSURYLGHV
VRPHWKLQJXSRQZKLFKLQGLYLGXDOVFDQUHDWWULEXWHGLVWUHVVVXFKDVEODPLQJWKHLUGLVWUHVVRQ
KDYLQJFRQVXPHGDQH[FHVVLYHDPRXQWRIFDORULHV7RLOOXVWUDWHDSHUVRQPD\HQJDJHLQ
ELQJHHDWLQJWRVKLIWWKHLUHPRWLRQVIURPGLVWUHVVDVVRFLDWHGZLWKLQWHUSHUVRQDORULGHQWLW\
LQVHFXULWLHVWRGLVWUHVVDVVRFLDWHGZLWKKDYLQJFRQVXPHGDQH[FHVVLYHDPRXQWRIFDORULHV
VXFKDVIHDURIZHLJKWJDLQDQGVKDPH,PSRUWDQWO\ERWKRIWKHVHPRGHOVVXSSRUWWKHLGHD
WKDWELQJHHDWLQJRFFXUVDVDQHPRWLRQUHJXODWLRQVWUDWHJ\ZKLFKDSSHDUVWRSURYLGHVRPH
GHJUHHRIFRPIRUWRUUHOLHIIURPSV\FKRORJLFDOGLVWUHVV6WLFH
7KHDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJSURSRVHVDF\FOLFDOUHODWLRQVKLSEHWZHHQ
ELQJHHDWLQJVWUHVVDQGQHJDWLYHDIIHFWLYLW\,PSRUWDQWO\LWDSSHDUVWKDWQHJDWLYHDIIHFWLYLW\
FRQWULEXWHVWRELQJHHDWLQJLQUHJDUGVWRERWKUHDFWLYHQHJDWLYHHPRWLRQVLHGLVWUHVVDQG
PRUHDWWHQXDWHGQHJDWLYHDIIHFWLYLW\LHORZPRRG7RLOOXVWUDWHUHVHDUFKVKRZVWKDW
DPRQJSDUWLFLSDQWVZLWK%1QHJDWLYHPRRGKDVEHHQIRXQGWRERWKSUHFHGHDQGIROORZD
ELQJH/LQJVZLOHUHWDOH[WUHPHQHJDWLYHDIIHFWHJDQ[LHW\GHSUHVVLRQDQGDQJHU
LVKHLJKWHQHGSULRUWRDELQJHDQGGHFUHDVHVGXULQJ+VX.D\HHWDODQG
IROORZLQJDELQJH+VXDQGFRQVLVWHQWZLWKPDVNLQJWKHRU\JXLOWDQGRWKHUOHVVDFXWH
QHJDWLYHHPRWLRQVVXFKDVGHSUHVVLRQDQGKRSHOHVVQHVVKDYHEHHQVKRZQWRLQFUHDVH
IROORZLQJDELQJH&RRSHUHWDO


*LYHQWKHDERYHILQGLQJVUHVHDUFKHUVK\SRWKHVLVHWKDWELQJHHDWLQJPD\VHUYHDVD
ZD\RIFRSLQJZLWKVWUHVVDQGDYHUVLYHHPRWLRQV+RZHYHULIELQJHHDWLQJLVDFRSLQJ
VWUDWHJ\LWFDQEHYLHZHGDVPDODGDSWLYHDVLWXOWLPDWHO\IDLOVLQDOOHYLDWLQJWKHFDXVHRI
GLVWUHVVDQGDGGLWLRQDOO\FRQWULEXWHVWRDQDUUD\RIDYHUVLYHHPRWLRQVDQGQHJDWLYHDIIHFW,Q
VXSSRUWRIWKHDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJWKHIROORZLQJSDUDJUDSKVZLOOSUHVHQW
HPSLULFDOHYLGHQFHIRUELQJHHDWLQJDVDPDODGDSWLYHDWWHPSWWRUHJXODWHDYHUVLYHHPRWLRQDO
VWDWHV)XUWKHUH[SODQDWLRQRIWKHF\FOLFDOUHODWLRQVKLSEHWZHHQELQJHHDWLQJVWUHVVDQG
QHJDWLYHDIIHFWLYLW\LVSURYLGHG
,QVXSSRUWRIWKHLGHDWKDWELQJHHDWLQJLVWULJJHUHGE\VWUHVVH[SHULPHQWDOUHVHDUFK
DQGVWXGLHVXWLOLVLQJDGDLO\GLDU\GHVLJQKDYHVKRZQWKDWKHLJKWHQHGGLVWUHVVSUHFHGHVD
ELQJHHDWLQJHSLVRGHDPRQJVWDIIOLFWHGLQGLYLGXDOV7XVFKHQ&DIILHUDQG9|JHOHIRXQG
WKDWZRPHQGLDJQRVHGZLWK%1UHVSRQGHGWRODERUDWRU\LQGXFHGGLVWUHVVLHILOPLPDJHU\
WDVNVZLWKDQLQFUHDVHLQVHOIUHSRUWHGKXQJHUDQGGHVLUHWRELQJHRYHUWLPHFRPSDUHGWRD
FRQWUROJURXSFRQVLVWLQJRIZRPHQZLWKRXWDGLDJQRVHGHDWLQJGLVRUGHUH[SRVHGWRWKHVDPH
VWUHVVLQGXFWLRQ6LPLODUO\)UHHPDQDQG*LOXWLOLVHGDGDLO\GLDU\PHWKRGRORJ\DQG
IRXQGWKDWH[SHULHQFHVRIVWUHVVHDUOLHULQWKHGD\SUHGLFWHGODWHUGD\ELQJHHDWLQJLQDIIOLFWHG
LQGLYLGXDOV7KHUHIRUHFRQVLVWHQWZLWKWKHDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJVWUHVV
DSSHDUVWREHDSUR[LPDODQWHFHGHQWWRELQJHHDWLQJ
)XUWKHUPRUHDWWHQXDWHGQHJDWLYHDIIHFWLHFKURQLFORZPRRGDQGGHSUHVVLRQDOVR
SOD\VDUROHLQWKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJHHDWLQJ)RULQVWDQFHLQUHYLHZLQJ
SDUWLFXODUVWXGLHV6WLFHFRQFOXGHGWKDWQHJDWLYHDIIHFWSUHGLFWHGDVLJQLILFDQWLQFUHDVH
LQEXOLPLFV\PSWRPVDPRQJIHPDOHDGROHVFHQWVRYHUDPRQWKSHULRG0RUHRYHU7\UND
:DOGURQ*UDKHUDQG%URRNV*XQQIRXQGWKDWWKHH[SHULHQFHRIQHJDWLYHHPRWLRQVDW
DJHV\HDUVSUHGLFWHGWKHRQVHWRIELQJHHDWLQJHLJKW\HDUVODWHULQ\RXQJDGXOWKRRG


7KHUHIRUHFKURQLFQHJDWLYHDIIHFWLYLW\DSSHDUVWREHRYHUUHSUHVHQWHGLQLQGLYLGXDOVZKR
HQJDJHLQELQJHHDWLQJ
$SRVVLEOHH[SODQDWLRQIRUWKLVOLQNPD\EHWKDWLQGLYLGXDOVZKRIDLOWRGHYHORS
HPRWLRQUHJXODWLRQVWUDWHJLHVWKDWDVVXDJHGLVWUHVVDQGDURXVHSRVLWLYHHPRWLRQVUHO\LQVWHDG
RQOHVVHIIHFWLYHFRSLQJVWUDWHJLHVVXFKDVELQJHHDWLQJ6HYHUDOVWXGLHVXWLOLVLQJWKHGDLO\
GLDU\PHWKRGRORJ\VXSSRUWWKHLGHDWKDWELQJHHDWLQJPD\EHXVHGDVDVRXUFHRIWHPSRUDU\
FRPIRUWZLWKILQGLQJVVXJJHVWLQJWKDWLQGLYLGXDOVZKRELQJHHDWUHSRUWHOHYDWHGOHYHOVRI
ERWKVWUHVVDQGQHJDWLYHDIIHFWRQELQJHGD\V%DUNHU:LOOLDPV*DODPERV:HJQHUHW
DO:ROII&URVE\5REHUWV:LWWURFN+RZHYHUZKLOVWLQGLYLGXDOVPD\VHHN
IRRGLQDQDWWHPSWWRJDLQFRPIRUWDQGUHOLHIIURPDYHUVLYHHPRWLRQVWKHQHJDWLYH
FRQVHTXHQFHVDVVRFLDWHGZLWKELQJHHDWLQJLHIHDURIZHLJKWJDLQVKDPHDQGJXLOWDERXW
ELQJHHDWLQJSK\VLFDOGLVFRPIRUWKDYHEHHQIRXQGWRUHVXOWLQWKHH[SHULHQFHRIIXUWKHU
QHJDWLYHDIIHFWLYLW\:HJQHUHWDO7KXVZKLOHLWVHHPVWKDWELQJHHDWLQJPD\EHXVHG
DVDQDIIHFWUHJXODWLRQVWUDWHJ\WRGHDOZLWKQHJDWLYHHPRWLRQVELQJHHDWLQJVHHPVLQHIIHFWLYH
LQUHGXFLQJQHJDWLYHDIIHFW5DWKHUWKHDFWRIELQJHHDWLQJRQO\KHLJKWHQVWKHH[SHULHQFHRI
WKHVHDYHUVLYHHPRWLRQDOVWDWHV7KXVDWR[LFF\FOHH[LVWVEHWZHHQELQJHHDWLQJDQGQHJDWLYH
DIIHFWLYLW\

 %LQJH(DWLQJDQG&RSLQJ6WUDWHJLHV
&RQVLVWHQWZLWKWKHDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJQXPHURXVFURVVVHFWLRQDO
VWXGLHVLQGLFDWHWKDWELQJHHDWLQJLVSRVLWLYHO\DVVRFLDWHGZLWKFRSLQJVWUDWHJLHVWKDWDWWHPSW
WRGHDOZLWKQHJDWLYHHPRWLRQDOVWDWHV7KXVUHFHQWUHVHDUFKKDVDWWHPSWHGWRVWXG\WKH
VSHFLILFFRSLQJVWUDWHJLHVXVHGE\SHRSOHZKRH[SHULHQFHELQJHHDWLQJV\PSWRPV.RII	
6DQJDQL<DJHU5RUW\	5RVVRWWR,PSRUWDQWO\WKHGRPDLQRIFRSLQJLV
GHILQHGPRUHQDUURZO\WKDQHPRWLRQUHJXODWLRQEHFDXVHE\GHILQLWLRQLWLVOLPLWHGWRKRZDQ


LQGLYLGXDOUHVSRQGVWRVWUHVVIXOVLWXDWLRQV7KHUHIRUHFRSLQJGHVFULEHVKRZWKHLQGLYLGXDO
GHDOVZLWKSRWHQWLDORUDFWXDOKDUPVORVVHVRUWKUHDWVZKLFKLQWXUQFRQWULEXWHWRWKH
LQWHQVLW\RIDQLQGLYLGXDO¶VVWUHVVUHVSRQVH*URVV
6LQFHWKH¶VSV\FKRORJLFDOUHVHDUFKRQFRSLQJKDVEHHQWKHRUHWLFDOO\
XQGHUSLQQHGE\)RONPDQDQG/D]DUXV¶WUDQVDFWLRQDOPRGHORIVWUHVVDQGFRSLQJ$V
SDUWRIWKHLUWUDQVDFWLRQDOPRGHO)RONPDQDQG/D]DUXVSURSRVHWKDWSK\VLRORJLFDOVWUHVV
PDQLIHVWVRXWRIDQLQWHUGHSHQGHQWUHODWLRQVKLSEHWZHHQIDFWRUVWKDWDUHLQWHUQDOWRWKH
LQGLYLGXDODQGH[WHUQDOWRWKHLQGLYLGXDO7KHUHIRUHDQLQGLYLGXDO¶VOHYHORIGLVWUHVVLV
GHSHQGHQWRQWKHLQWHUSOD\EHWZHHQHQYLURQPHQWDOVWLPXOLDQGVHOIHIILFDFLRXVEHOLHIVDQG
H[SHFWDWLRQVUHJDUGLQJWKHLUDELOLW\WRFRSHZLWKWKHVWUHVVRU
/D]DUXVDQG)RONPDQGHVFULEHGWKHSDWKEHWZHHQSRWHQWLDOO\WKUHDWHQLQJ
HQYLURQPHQWDOVWLPXOLDQGDQLQGLYLGXDO¶VHPRWLRQDOUHVSRQVHDVEHLQJPHGLDWHGE\WZR
SURFHVVHVFRJQLWLYHDSSUDLVDODQGFRSLQJ&RJQLWLYHDSSUDLVDOUHIHUVWRDQLQGLYLGXDO¶V
HYDOXDWLYHMXGJPHQWDERXWZKHWKHUDSRWHQWLDOO\WKUHDWHQLQJHQFRXQWHURUVLWXDWLRQLVFDXVH
IRUGLVWUHVV7KHGHJUHHWRZKLFKGLVWUHVVLVWULJJHUHGLVGHWHUPLQHGE\FRJQLWLYHDSSUDLVDORI
WKHGHPDQGVRIDJLYHQVLWXDWLRQDQGRQH¶VDELOLW\WRPHHWWKHVHGHPDQGVRUFRSHZLWKWKH
FRQVHTXHQFHRIIDLOLQJWRPHHWWKHVHGHPDQGV7KHVHFRQGSURFHVVLVUHIHUUHGWRDVFRSLQJ
ZKLFKGHVFULEHVWKHWKRXJKWVDQGRUDFWLRQVDSHUVRQPD\HQJDJHLQWRPDQDJHWKHLQWHUQDO
DQGRUH[WHUQDOGHPDQGVSRVHGE\DJLYHQVLWXDWLRQ/D]DUXV	)RONPDQ,QVXPPDU\
WKHH[SHULHQFHRIGLVWUHVVLVWKRXJKWWREHGHWHUPLQHGE\WKHLQWHUSOD\EHWZHHQHQYLURQPHQWDO
IDFWRUVDSSUDLVDORIRQH¶VDELOLW\WRFRSHZKHQWKUHDWLVGHWHFWHGDQGWKHXQLTXHFRJQLWLYH
DIIHFWLYHDQGRUEHKDYLRXUDOVWUDWHJLHVXQGHUWDNHQLQUHVSRQVHWRWKHVWUHVVRU
$FFRUGLQJWR)RONPDQDQG/D]DUXVWKHFRJQLWLYHDIIHFWLYHDQGEHKDYLRXUDO
VWUDWHJLHVXVHGE\LQGLYLGXDOVFDQEHFROODSVHGDFURVVWZRJHQHUDOVWUDWHJLHVRIFRSLQJ7KH
ILUVWWHUPHGHPRWLRQIRFXVHGFRSLQJLVDLPHGDWUHGXFLQJRUPDQDJLQJWKHHPRWLRQDOGLVWUHVV


WKDWLVDVVRFLDWHGZLWKDJLYHQVLWXDWLRQ7KHVHFRQGWHUPHGSUREOHPIRFXVHGFRSLQJLV
DLPHGDWSUREOHPVROYLQJRUWDNLQJDFWLRQWRDOOHYLDWHRUDOWHUWKHFDXVHRIVWUHVV5HVHDUFKRQ
FRSLQJKDVLGHQWLILHGVHYHUDOVXEW\SHVRIERWKHPRWLRQIRFXVHGDQGSUREOHPIRFXVHGFRSLQJ
VWUDWHJLHV)RONPDQ	/D]DUXV)RONPDQ/D]DUXV'XQNHO6FKHWWHU'H/RQJLV	
*UXHQ)RUH[DPSOHHPRWLRQIRFXVHGFRSLQJVWUDWHJLHVLQFOXGHDYRLGDQFHFRSLQJLH
DYRLGLQJWKHFDXVHRIVWUHVVWKURXJKGHQLDOHVFDSHRUGLVWUDFWLRQDQGSRVLWLYHO\
UHLQWHUSUHWLQJHYHQWV:KLOVWSUREOHPIRFXVHGFRSLQJVWUDWHJLHVLQYROYHDFWLYHDWWHPSWVWR
DPHOLRUDWHWKHFDXVHRIGLVWUHVVVXFKDVSODQQLQJRXWDFRXUVHRIDFWLRQWRDOOHYLDWHWKH
SUREOHPVHHNLQJVXSSRUWRUDGYLFHDQGVXSSUHVVLQJFRPSHWLQJDFWLYLWLHVXQWLOWKHFDXVHRI
GLVWUHVVLVUHVROYHG)RONPDQ	/D]DUXV)RONPDQHWDO
5HVHDUFKLQGLFDWHVWKDWWKHGHFLVLRQWRHQJDJHLQHLWKHUHPRWLRQIRFXVHGRUSUREOHP
IRFXVHGFRSLQJVWUDWHJLHVLVSUHPLVHGXSRQEHOLHIVSHUWDLQLQJWRZKHWKHUWKHVWUHVVRULV
GHHPHGDVZLWKLQRUEH\RQGDQLQGLYLGXDO¶VFRQWURO6HYHUDOVWXGLHVGHPRQVWUDWHWKDW
SUREOHPIRFXVHGFRSLQJWHQGVWRSUHGRPLQDWHZKHQSHRSOHIHHOWKDWVRPHWKLQJFRQVWUXFWLYH
FDQEHGRQHWRGHDOZLWKDJLYHQVLWXDWLRQHJ)RONPDQHWDO)RONPDQ/D]DUXV
*UXHQ	'H/RQJLV:KHUHDVHPRWLRQIRFXVHGFRSLQJWHQGVWRSUHGRPLQDWHZKHQ
SHRSOHIHHOWKDWWKHRXWFRPHRIWKHVWUHVVRULVXQFKDQJHDEOHDQGPXVWEHHQGXUHG)RONPDQ	
/D]DUXV
'HVSLWHWKHYLHZWKDWWKHFRSLQJVWUDWHJLHVHPSOR\HGE\LQGLYLGXDOVUHSUHVHQWDSHUVRQ
E\VLWXDWLRQLQWHUDFWLRQPRUHUHFHQWVWXGLHVVXJJHVWWKDWLQGLYLGXDOVDUHOHVVOLNHO\WR
GHPRQVWUDWHVLJQLILFDQWYDULDELOLW\LQFRSLQJUHVSRQVHVDFURVVVLWXDWLRQVGXHWRWKHYDULRXV
LQGLYLGXDOYDULDEOHVWKDWDUHSURSRVHGWRXQGHUOLHFRSLQJ&DUYHU6FKHLHU	:HLQWUDXE
(QGOHU	3DUNHU0LNXOLQFHU	)ORULDQ&HUWDLQO\UHVHDUFKH[DPLQLQJWKH
FRSLQJVWUDWHJLHVXVHGE\SHRSOHZKRH[SHULHQFHELQJHHDWLQJVXJJHVWWKDWFRQVLVWHQWSDWWHUQV
RIFRSLQJHPHUJHZLWKPXFKUHVHDUFKILQGLQJWKDWLQGLYLGXDOVH[SHULHQFLQJELQJHHDWLQJWHQG


WRHQJDJHLQHPRWLRQIRFXVHGFRSLQJVWUDWHJLHVJHDUHGWRZDUGVDYRLGLQJWKHQHHGWRGHDOZLWK
WKHGLVWUHVVLHFRJQLWLYHGLVHQJDJHPHQWSK\VLFDOGLVWDQFLQJ6XFKUHVHDUFKVXJJHVWVWKDW
LQGLYLGXDOVZKRELQJHHDWDUHPRUHOLNHO\WRUHSRUWXVLQJDYRLGDQFHFRSLQJVWUDWHJLHVDV
RSSRVHGWRPRUHSUREOHPIRFXVHGVWUDWHJLHV6KDWIRUG	(YDQVDQGDUHPRUHOLNHO\
WRXVHDYRLGDQFHFRSLQJVWUDWHJLHVWKDQQRQELQJHHDWLQJLQGLYLGXDOV.RII	6DJDQL
1HFNRZLW]	0RUULVRQ6RXNXS%HLOHU	7HUUHO
7RLOOXVWUDWHUHVHDUFKE\)UHHPDQDQG*LOOXWLOLVHGDGDLO\GLDU\PHWKRGWR
SURVSHFWLYHO\H[DPLQHFRSLQJVWUDWHJLHVLQUHODWLRQWRGDLO\ELQJHHDWLQJ7KHUHVXOWV
VXSSRUWHGSUHYLRXVILQGLQJVWKDWELQJHHDWLQJZDVSRVLWLYHO\DVVRFLDWHGZLWKDYRLGDQFH
FRSLQJVWUDWHJLHVDQGQHJDWLYHO\DVVRFLDWHGZLWKVHHNLQJVRFLDOVXSSRUW,QSDUWLFXODUWKLV
IRUPRIFRSLQJZDVDVVRFLDWHGZLWKDQLQFUHDVHGULVNLQELQJHHDWLQJERWKODWHUWKDWVDPHGD\
DQGWKHIROORZLQJGD\,PSRUWDQWO\WKLVDVVRFLDWLRQZDVREVHUYHGHYHQDIWHUFRQWUROOLQJIRU
GHSUHVVHGDIIHFWFKDOOHQJLQJSUHYLRXVSURSRVLWLRQVWKDWWKHDSSDUHQWDVVRFLDWLRQEHWZHHQ
ELQJHHDWLQJDQGDYRLGDQWFRSLQJLVGXHWRWKHFRQIRXQGLQJDVVRFLDWLRQEHWZHHQDYRLGDQW
FRSLQJDQGGHSUHVVLRQ3D[WRQ	'LJJHQV$GGLWLRQDOO\WKHVHUHVHDUFKHUVIRXQGWKDW
OHVVVRFLDOVXSSRUWZDVDVVRFLDWHGZLWKDJUHDWHUOLNHOLKRRGRIVDPHGD\ELQJHHDWLQJ
6LPLODUO\LQDVWXG\RIXQLYHUVLW\DJHGZRPHQRYHUDRQH\HDUSHULRG(QJOHU
&URZWKHU'DOWRQDQG6DQIWQHUIRXQGWKDWHYHQDIWHUFRQWUROOLQJIRUGHSUHVVLRQ
DYRLGDQWFRSLQJVWUDWHJLHVZHUHSUHGLFWLYHRIELQJHHDWLQJ,QWHUHVWLQJO\WKLVVWXG\IRXQG
DYRLGDQWFRSLQJVWUDWHJLHVWREHHTXDOO\DVVRFLDWHGZLWKERWKUHFHQWRQVHWELQJHHDWLQJDQG
FKURQLFELQJHHDWLQJLQGLFDWLQJWKHUROHRIWKLVIRUPRIFRSLQJLQERWKWKHRQVHWDQG
PDLQWHQDQFHRIELQJHHDWLQJ,QFRQFOXVLRQWKHUHVHDUFKRQWKHDVVRFLDWLRQEHWZHHQELQJH
HDWLQJDQGFRSLQJLQGLFDWHVWKDWLQGLYLGXDOVZKRHQJDJHLQELQJHHDWLQJFRPPRQO\GHDOZLWK
GLVWUHVVE\XVLQJPRUHHPRWLRQIRFXVHGFRSLQJVWUDWHJLHVVXFKDVDYRLGDQFHFRSLQJDQGUHO\
OHVVRQVRFLDOVXSSRUWDQGSUREOHPIRFXVHGVWUDWHJLHVWKDQQRQELQJHHDWHUV


 (PRWLRQDO2YHUHDWLQJ3RVLWLYHDQG1HJDWLYH$IIHFWDQG%LQJH(DWLQJ
,PSOLFLWZLWKLQWKHDIIHFWUHJXODWLRQPRGHODQGUHVHDUFKOLQNLQJFRSLQJWRELQJHHDWLQJ
LVWKHLGHDWKDWRYHUHDWLQJLVDUHJXODWRU\UHVSRQVHWRHPRWLRQDOVWDWHVSULPDULO\QHJDWLYH
DIIHFWLYHVWDWHVDQGVWUHVVDQGWKDWRYHUHDWLQJVHUYHVDVDQHPRWLRQDOFDWKDUVLV6WLFH
'HVSLWHWKLVNQRZOHGJHWKHUHH[LVWIHZVWXGLHVWKDWKDYHH[DPLQHGWKHIUHTXHQF\ZLWKZKLFK
RYHUHDWLQJGXHWRHPRWLRQDOVWDWHVWHUPHGPRUHUHFHQWO\DVHPRWLRQDORYHUHDWLQJHJ
0DVKHE	*ULORRFFXUVDPRQJVWSHRSOHH[SHULHQFLQJELQJHHDWLQJ)XUWKHUPRUHWKHUH
LVOLWWOHUHVHDUFKH[DPLQLQJWKHSUHFLVHDIIHFWLYHVWDWHVWKDWPD\LQFUHDVHRUUHGXFHWKHULVNRI
ELQJHHDWLQJ0DVKHE	*ULOR
7KHUHIRUHWKHUHKDVEHHQLQFUHDVLQJFDOOVWRH[DPLQHHPRWLRQDORYHUHDWLQJLQLWVRZQ
ULJKWDVDSUHGLFWRURIELQJHHDWLQJDVZHOODVSRVLWLYHDIIHFWVXJJHVWLQJWKDWZKLOHYDULDEOHV
VXFKDVQHJDWLYHDIIHFWLYLW\KLJKOLJKWWKDWELQJHHDWLQJLVDFRQVHTXHQFHRIH[SHULHQFLQJ
QHJDWLYHHPRWLRQVWKHUHH[LVWVUHVHDUFKWRVXJJHVWWKDWIRUVRPHELQJHHDWHUVRYHUHDWLQJ
RFFXUVLQUHVSRQVHWRSRVLWLYHHPRWLRQV0DFKW0DVKHE	*ULOR8QOHVVWKH
IXOOVSHFWUXPRIDIIHFWLVFRQVLGHUHGLQUHODWLRQWRHPRWLRQDORYHUHDWLQJDQGELQJHHDWLQJ
EHKDYLRXUWKHQWKHLQWHUUHODWLRQVKLSEHWZHHQIRRGDQGHPRWLRQPD\EHUHJDUGHGDV
VRPHZKDWLQFRPSOHWH*LEVRQ0DFKW)RUH[DPSOH0DVKHEDQG*ULOR
IRXQGWKDWELQJHHDWLQJZDVDVVRFLDWHGZLWKWKHH[SHULHQFHRIQHJDWLYHHPRWLRQVVXFKDV
DQ[LHW\DQGVDGQHVVDVZHOODVKDSSLQHVV6SHFLILFDOO\RYHUHDWLQJLQUHVSRQVHWRERWK
QHJDWLYHDQGSRVLWLYHHPRWLRQVZDVDVVRFLDWHGZLWKIUHTXHQF\RIELQJHHSLVRGHVDQG
GLVLQKLELWLRQ6LPLODUO\5LFFDHWDOIRXQGWKDWELQJHHDWLQJRFFXUUHGDVDUHVSRQVHWR
WKHH[SHULHQFHRIERWKQHJDWLYHDQGSRVLWLYHDIIHFW7KXVZKLOHWKHUHLVPXFKVXSSRUWIRU
QHJDWLYHDIIHFWLYLW\DVDNH\IDFWRULQWKHH[SHULHQFHRIELQJHHDWLQJHPHUJLQJUHVHDUFK
VXJJHVWVWKDWIXWXUHLQYHVWLJDWLRQVVKRXOGEURDGHQWKHDVVHVVPHQWRIHPRWLRQWRLQFRUSRUDWH
WKHH[SHULHQFHRIERWKQHJDWLYHDQGSRVLWLYHDIIHFWDVDQWHFHGHQWVWRHSLVRGHVRIELQJHHDWLQJ


7RDGGUHVVWKLVLQWKLVWKHVLVIRXUGLVWLQFWDQG\HWUHODWHGYDULDEOHV±HPRWLRQDORYHUHDWLQJ
LQUHVSRQVHWRERWKSRVLWLYHDQGQHJDWLYHHPRWLRQVHPRWLRQG\VUHJXODWLRQSRVLWLYHDIIHFW
DQGQHJDWLYHDIIHFW±DQGWKHLUUHODWLRQVKLSZLWKELQJHHDWLQJDUHH[SORUHG(DFKRIWKHVH
YDULDEOHVHQFDSVXODWHVGLIIHUHQWHOHPHQWVRIDQDIIHFWUHJXODWLRQWKHRU\RIELQJHHDWLQJDQG
UHSUHVHQWRXWFRPHVDVVRFLDWHGZLWKYDULRXVFRSLQJVWUDWHJLHVHJ(QGOHU	3DUNHU

 &KDSWHU6XPPDU\
,QWKLVFKDSWHUDQRYHUYLHZRIELQJHHDWLQJZDVSURYLGHGZLWKVSHFLILFHPSKDVLVRQ
SUHYDOHQFHDQGGLDJQRVLVDVZHOODVWKHVKRUWWHUPDQGORQJWHUPFRQVHTXHQFHVRIWKLVIRUP
RIGLVRUGHUHGHDWLQJ$GGLWLRQDOO\PDMRUWKHRULHVRIELQJHHDWLQJZHUHUHYLHZHGQDPHO\WKH
GLHWDU\UHVWUDLQWPRGHODQGDIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJ2ISDUWLFXODUUHOHYDQFHWR
WKLVWKHVLVWKLVFKDSWHUUHYLHZHGOLWHUDWXUHSHUWDLQLQJWRWKHFRSLQJVWUDWHJLHVDVVRFLDWHGZLWK
ELQJHHDWLQJDVZHOODVNH\UHJXODWRU\IDFWRUVWKDWFDSWXUHYDULRXVHOHPHQWVRIDQDIIHFW
UHJXODWLRQWKHRU\RIELQJHHDWLQJ
*LYHQWKDWWKHWRSLFRIWKLVWKHVLVH[SORUHVELQJHHDWLQJIURPDQDWWDFKPHQWWKHRU\
SHUVSHFWLYH&KDSWHUSURYLGHVDGHVFULSWLRQRIDWWDFKPHQWWKHRU\DQGGUDZVRQHYLGHQFHWR
GHPRQVWUDWHKRZDWWDFKPHQWVW\OHLVDVVRFLDWHGZLWKWKHFRSLQJVWUDWHJLHVDQGPDQ\RIWKH
UHJXODWRU\IDFWRUVUHYLHZHGLQWKLVFKDSWHU





&+$37(5
$WWDFKPHQW7KHRU\
,QWKLVFKDSWHUDWWDFKPHQWWKHRU\LVLQWURGXFHGDVDWKHRU\RIKXPDQERQGLQJDQG
HPRWLRQUHJXODWLRQDQGVHWVWKHWKHRUHWLFDOIRXQGDWLRQVIRUXQGHUVWDQGLQJKRZDWWDFKPHQW
VW\OHPD\EHDVVRFLDWHGZLWKELQJHHDWLQJ)LUVWO\DQRYHUYLHZRIDWWDFKPHQWWKHRU\LV
SUHVHQWHGIROORZHGE\DUHYLHZRIWKHOLWHUDWXUHUHJDUGLQJWKHOLQNVEHWZHHQDWWDFKPHQWVW\OH
DQGDIIHFWUHJXODWLRQDQGGLVWUHVVUHJXODWLRQ)XUWKHUPRUHWKLVFKDSWHUGHVFULEHVKRZ
GLIIHUHQFHVLQDWWDFKPHQWDUHDVVRFLDWHGZLWKGLIIHUHQFHVLQFRSLQJVWUDWHJLHV$QH[SODQDWLRQ
RIKRZDWWDFKPHQWLVDVVRFLDWHGZLWKWKHH[SHULHQFHRISRVLWLYHDQGQHJDWLYHDIIHFWLVDOVR
SURYLGHG

 2YHUYLHZRI$WWDFKPHQW7KHRU\
%RZOE\WKHSLRQHHURIDWWDFKPHQWWKHRU\SURSRVHGWKDWLQIDQWVDUHERUQ
ZLWKDQLQQDWHEHKDYLRXUDOV\VWHPWHUPHGWKHDWWDFKPHQWV\VWHPORFDWHGLQWKHFHQWUDO
QHUYRXVV\VWHPZKLFKJRYHUQVSHRSOH¶VPRWLYDWLRQVDQGEHKDYLRXUDOWHQGHQFLHVWRVHHN
SUR[LPLW\WRDFDUHJLYHUZKHQWKUHDWHQHG$OWKRXJKDWWDFKPHQWUHVHDUFKZDVLQLWLDOO\IRFXVHG
RQXQGHUVWDQGLQJWKHERQGEHWZHHQLQIDQWVDQGWKHLUSULPDU\FDUHJLYHU$LQVZRUWK%OHKDU
:DWHUV	:DOO%RZOE\PDLQWDLQHGWKDWWKHDWWDFKPHQWV\VWHPSOD\VDQ
LPSRUWDQWUROHWKURXJKRXWWKHOLIHVSDQ%RZOE\FRLQHGWKHWHUPDWWDFKPHQW
ILJXUHWRGHVFULEHDSHUVRQZKRLVXVHGWRVDWLVI\DQRWKHU¶VDWWDFKPHQWQHHGV$WWDFKPHQW
ILJXUHVDUHFRPPRQO\UHOLHGRQWRVHUYHWKUHHPDLQQHHGV±RIWHQWHUPHGLQWKHDWWDFKPHQW
OLWHUDWXUHDVµDWWDFKPHQWIXQFWLRQV¶7KHVHWKUHHIXQFWLRQVDUHVHHNLQJRXWDQDWWDFKPHQW
ILJXUHLQWLPHVRIGLVWUHVVSUR[LPLW\VHHNLQJWKHSURYLVLRQRIFRPIRUWDQGSURWHFWLRQE\
WKHDWWDFKPHQWILJXUHLQWLPHVRIGLVWUHVVVDIHKDYHQDQGWKHLQGLYLGXDOVKDUHVD
UHODWLRQVKLSZLWKWKHDWWDFKPHQWILJXUHIURPZKLFKWKH\FDQGHULYHDVHQVHRIVHFXULW\DQG


FRQILGHQFHVHFXUHEDVHZKLFKDOORZVWKHPWRPHHWOLIH¶VFKDOOHQJHVDQGH[SORUHWKHZRUOG
%RZOE\
$FFRUGLQJWR%RZOE\WKHPDLQJRDORIWKHDWWDFKPHQWV\VWHPLVWKH
DFKLHYHPHQWRIDVHQVHRIIHOWVHFXULW\ZKLFKLVDVWDWHRISV\FKRORJLFDOZHOOEHLQJDOORZLQJ
DSHUVRQWRIHHOVDIHSURWHFWHGDQGFRQILGHQWWKDWVXSSRUWZLOOEHDYDLODEOHLQWLPHVRIQHHG
%RZOE\SURSRVHGWKDWWKHPDLQWHQDQFHRIIHOWVHFXULW\ZDVQHFHVVDU\IRU
RSWLPDOKXPDQIXQFWLRQLQJLQDOOIDFHWVRIOLIHDVLWHQKDQFHVHPRWLRQDOVWDELOLW\SHUVRQDODQG
VRFLDODGMXVWPHQWDQGDXWRQRPRXVSHUVRQDOJURZWK
1RUPDWLYHIXQFWLRQLQJRIWKHDWWDFKPHQWV\VWHPZRUNVWRPDLQWDLQIHOWVHFXULW\E\
PRWLYDWLQJFKLOGUHQWRVHHNFRPIRUWIURPSULPDU\FDUHJLYHUVZKHQGLVWUHVVHGDQGGHYHORS
HIIHFWLYHDIIHFWUHJXODWLRQVWUDWHJLHVUHTXLUHGWRPDLQWDLQHPRWLRQDOZHOOEHLQJ+RZHYHU
ZKHQFKLOGUHQH[SHULHQFHDFDUHJLYHUZKRLVLQFRQVLVWHQWDQGXQUHOLDEOHLQWKHLUSURYLVLRQRI
FRPIRUWRUH[SHULHQFHFRQVWDQWUHMHFWLRQIURPDSULPDU\FDUHJLYHUWKHDWWDFKPHQWV\VWHP
DGDSWVDQGHPSOR\VK\SHUDFWLYDWLRQDQGGHDFWLYDWLRQVWUDWHJLHVUHVSHFWLYHO\0LNXOLQFHU	
6KDYHU+\SHUDFWLYDWLRQVWUDWHJLHVPDQLIHVWIURPDWWHPSWVWRVXVWDLQDQGLQWHQVLI\
HPRWLRQVWKDWDFWLYDWHWKHDWWDFKPHQWV\VWHP7KHVHVWUDWHJLHVUHVXOWIURPUHODWLRQVKLS
H[SHULHQFHVFKDUDFWHULVHGE\DWWDFKPHQWILJXUHVZKRHQJDJHGLQLQHSWRULQFRQVLVWHQW
FDUHJLYLQJEHKDYLRXUV$VDUHVXOWLQGLYLGXDOVH[SRVHGWRWKLVW\SHRISDUHQWFDUHGHYHORS
IHDUVDQGZRUULHVDERXWDEDQGRQPHQWE\DWWDFKPHQWILJXUHVDQGVHOIGRXEWVDERXWRQH¶V
FRPSHWHQF\WRFRQVWUXFWLYHO\UHVROYHFKDOOHQJLQJDQGVWUHVVIXOOLIHFLUFXPVWDQFHV
0LNXOLQFHU	6KDYHU$VDUHVXOWK\SHUDFWLYDWLRQVWUDWHJLHVE\GHVLJQDWWHPSWWR
JDLQWKHDWWHQWLRQRIDQLQHSWRULQFRQVLVWHQWDWWDFKPHQWILJXUHWKURXJKWKHDQ[LRXVO\DWWDFKHG
LQGLYLGXDO¶VH[DJJHUDWLRQRIGLVWUHVV([DPSOHVRIFRSLQJVWUDWHJLHVZKLFKLQYROYH
K\SHUDFWLYDWLRQLQFOXGHYHQWLQJRIHPRWLRQVHQJDJLQJLQZLVKIXOWKLQNLQJRUUHVSRQGLQJLQ
DQJHUDQGRUYLROHQFHWRZDUGVDWWDFKPHQWILJXUHVDQGVLJQLILFDQWRWKHUV%DOH	.DUDQW]DV


+\SHUDFWLYDWLRQVWUDWHJLHVLQWHQVLI\YLJLODQWPRQLWRULQJRIDWWDFKPHQWILJXUHVDQG
VODQWSHUFHSWLRQVLQWKHGLUHFWLRQRIQRWLFLQJRULPDJLQLQJLQVXIILFLHQWLQWHUHVWDYDLODELOLW\RU
UHVSRQVLYHQHVVIURPVLJQLILFDQWRWKHUV0LNXOLQFHU	6FKHIIL7KHRWKHUQRQ
QRUPDWLYHZD\LQZKLFKWKHDWWDFKPHQWV\VWHPPD\IXQFWLRQLVFDOOHGGHDFWLYDWLRQZKLFKLV
WKHGHIHQVLYHLQKLELWLRQRIDQ\HPRWLRQWKDWKDVFDXVHGXQZDQWHGDFWLYDWLRQRIWKHDWWDFKPHQW
V\VWHP7KHVHVWUDWHJLHVUHVXOWIURPUHODWLRQVKLSH[SHULHQFHVFKDUDFWHULVHGE\DWWDFKPHQW
ILJXUHVZKRHQJDJHGLQLQVHQVLWLYHDQGXQUHVSRQVLYHFDUHJLYLQJEHKDYLRXUV$VDUHVXOW
LQGLYLGXDOVH[SRVHGWRWKLVW\SHRISDUHQWFDUHGHYHORSDGLVFRPIRUWZLWKHPRWLRQDO
FORVHQHVVVXSSUHVVWKHLUDWWDFKPHQWQHHGVDQGQHJDWLYHHPRWLRQVDVVRFLDWHGZLWKGLVWUHVV
DQGEHFRPHH[FHVVLYHO\VHOIUHOLDQWDVDPHDQVRIPLQLPLVLQJWKHLUUHTXHVWVIRUKHOSIURP
XQUHVSRQVLYHDWWDFKPHQWILJXUHV0LNXOLQFHU	6KDYHU&RSLQJVWUDWHJLHVVXFKDV
HVFDSHRUDYRLGDQFHDQGFRJQLWLYHGLVWDQFLQJDUHH[DPSOHVRIGHDFWLYDWLRQVWUDWHJLHV
ZKHUHE\WKHLQGLYLGXDOFKRRVHVWRHLWKHUSK\VLFDOO\UHPRYHWKHPVHOYHVRUPHQWDOO\GLVHQJDJH
IURPVWUHVVHOLFLWLQJVWLPXOL%DOH	.DUDQW]DV'HDFWLYDWLRQVWUDWHJLHVDUHDWWHPSWVWR
UHJXODWHGLVWUHVVE\UHVWULFWLQJDFNQRZOHGJHPHQWRIDYHUVLYHHPRWLRQVRUE\VXSSUHVVLQJWKH
H[SHULHQFHRIQHJDWLYHHPRWLRQDOVWDWHV
%RZOE\SURSRVHGWKDWLQGLYLGXDOV¶H[SHULHQFHVZLWKDWWDFKPHQWILJXUHV
FUHDWHLQWHUQDOPHQWDOUHSUHVHQWDWLRQVRIUHODWLRQVKLSVWHUPHGZRUNLQJPRGHOV$FFRUGLQJWR
%RZOE\LQGLYLGXDOVSRVVHVVWZRLQWHUQDOZRUNLQJPRGHOV±WKHPRGHORIVHOIDQGPRGHORI
RWKHUV:RUNLQJPRGHOVRIWKHVHOIHQFRPSDVVEHOLHIVDERXWRQH¶VRZQORYDELOLW\DQGVHOI
HIILFDF\LQSUREOHPVROYLQJDQGFRSLQJZLWKGLVWUHVV*ULIILQ	%DUWKRORPHZ
:KHUHDVZRUNLQJPRGHOVRIRWKHUVUHSUHVHQWRQH¶VEHOLHIVDQGH[SHFWDWLRQVUHJDUGLQJWKH
DYDLODELOLW\UHOLDELOLW\DQGFRPSHWHQFHRIRWKHUVWRSURYLGHHPRWLRQDOVXSSRUWLQWLPHVRI
QHHG*ULIILQ	%DUWKRORPHZ


:RUNLQJPRGHOVDUHOLNHRWKHUVRFLDOFRJQLWLYHVWUXFWXUHVEXWWHQGWREHKHDYLO\
DIIHFWODGHQDQGSODFHJUHDWHUHPSKDVLVRQWKHUHSUHVHQWDWLRQRIPRWLYDWLRQHOHPHQWVQHHGV
DQGJRDOVDQGEHKDYLRXUDOWHQGHQFLHVDVVRFLDWHGZLWKDWWDFKPHQWUHODWLRQVKLSVDQGIXOILOPHQW
RIDWWDFKPHQWQHHGV&ROOLQV	$OODUG6KDYHU&ROOLQV	&ODUN7KHPDLQ
GLVWLQFWLRQEHWZHHQZRUNLQJPRGHOVDQGRWKHUFRJQLWLYHVFKHPDVLVWKDWWKH\DUHH[SOLFLWO\
LQWHUSHUVRQDODQGUHODWLRQDOLQQDWXUH%DOGZLQ
7KHGHYHORSPHQWRIZRUNLQJPRGHOVVHUYHWRSURYLGHVRPHGHJUHHRISUHGLFWDELOLW\DV
WRKRZRWKHUVZLOOUHVSRQGWRDQLQGLYLGXDOEDVHGRQWKDWLQGLYLGXDO¶VSUHYLRXVVRFLDO
LQWHUDFWLRQV&ROOLQV	$OODUG6LPSVRQ7KURXJKSRVLWLYHHDUO\H[SHULHQFHV
ZLWKFDUHJLYHUVZKRZHUHFRQVLVWHQWO\DYDLODEOHDQGHIIHFWLYHLQSURYLGLQJFRPIRUWLQWLPHV
RIGLVWUHVVLQGLYLGXDOVDFTXLUHDVHQVHRIIHOWVHFXULW\HQDEOLQJWKHPWRIHHOSURWHFWHGDQG
YDOXHGE\FORVHRWKHUV+RZHYHUQHJDWLYHHDUO\H[SHULHQFHVZLWKSULPDU\FDUHJLYHUVLQ
ZKLFKWKHFKLOGH[SHULHQFHGQHJOHFWRUH[SHULHQFHGDSULPDU\FDUHJLYHUZKRZDV
LQFRQVLVWHQWLQWKHLUSURYLVLRQRIHPRWLRQDOFRPIRUWUHVXOWVLQLQGLYLGXDOVGHYHORSLQJ
QHJDWLYHYLHZVRIRWKHUVDVXQUHOLDEOHDQGXQWUXVWZRUWK\DQGRUQHJDWLYHYLHZVRIWKHVHOIDV
XQORYDEOH%DUWKRORPHZ	+RURZLW]*ULIILQ	%DUWKRORPHZ,QFRQVWUXFWLQJ
HLWKHUSRVLWLYHRUQHJDWLYHZRUNLQJPRGHOVRIWKHVHOIDQGRWKHUVLQGLYLGXDOVGHYHORSDVHWRI
EHOLHIVH[SHFWDWLRQVDQGQHHGVSHUWDLQLQJWRFORVHUHODWLRQVKLSV&ROOLQV	$OODUG
$FFRUGLQJO\ZRUNLQJPRGHOVGLFWDWHWKHQDWXUHRIDQLQGLYLGXDO¶VLQWHUSHUVRQDOUHODWLRQVKLSV
DQGIRUPWKHIRXQGDWLRQVIRUKRZWKH\SHUFHLYHDQGUHDFWWRFORVHRWKHUVFRPPRQO\UHIHUUHG
WRLQWKHDWWDFKPHQWOLWHUDWXUHDVDQLQGLYLGXDO¶VDWWDFKPHQWVW\OHHJ%RZOE\
%DUWKRORPHZ	+RURZLW]
$OWKRXJKWKHDWWDFKPHQWOLWHUDWXUHFRPPRQO\UHIHUVWRSHRSOHDVKDYLQJDVSHFLILF
DWWDFKPHQWVW\OHLHVHFXUHDQ[LRXVDQGDYRLGDQWVXFKVW\OHVDUHQRWSURWRW\SLFFDWHJRULHV
DVPXFKDVOLQHDUFRPELQDWLRQVRILQGLYLGXDOGLIIHUHQFHVDORQJWKHWZRSULPDU\DWWDFKPHQW


FRQWLQXDGLPHQVLRQVWKDWXQGHUOLHDWWDFKPHQWVW\OHV%UHQQDQ&ODUN	6KDYHU
.DUDQW]DV)HHQH\	:LONLQVRQ6LPSVRQ,QGHWHUPLQLQJWKHEHVWZD\WR
RSHUDWLRQDOLVHDWWDFKPHQWVW\OH)UDOH\DQG:DOOHUXWLOLVHGWD[RPHWULFWHFKQLTXHV
PDWKHPDWLFDODOJRULWKPVWKDWFRPSDUHYDULDELOLW\LQZLWKLQJURXSDQGEHWZHHQJURXS
YDULDQFHWRDVVHVVWKHZLWKLQJURXSDQGEHWZHHQJURXSGLIIHUHQFHDFURVVDWWDFKPHQWVW\OH
FDWHJRULHV7KLVHPSLULFDODQDO\VLVSURYLGHGFOHDUHYLGHQFHWKDWDWWDFKPHQWLVPRVW
DSSURSULDWHO\FRQFHSWXDOLVHGDVDELGLPHQVLRQDOFRQVWUXFWUHSUHVHQWLQJOHYHOVRIDWWDFKPHQW
DQ[LHW\DQGDYRLGDQFH&RQVHTXHQWO\DWWDFKPHQWUHVHDUFKHUVJHQHUDOO\DJUHHWKDWDWWDFKPHQW
VW\OHLVEHVWPHDVXUHGDQGGHVFULEHGLQWHUPVRIWZRRUWKRJRQDOGLPHQVLRQVDWWDFKPHQW
DQ[LHW\DQGDWWDFKPHQWDYRLGDQFH6LPSVRQ	5KROHV
$WWDFKPHQWDQ[LHW\UHSUHVHQWVWKHGHJUHHRIXQFHUWDLQW\WKDWDSHUVRQH[KLELWVLQ
DFFRUGDQFHZLWKWKHH[SHFWDWLRQWKDWRWKHUVZLOOEHXQDYDLODEOHWRSURYLGHVXSSRUWZKHQ
QHHGHGSDUWO\EHFDXVHRIGRXEWVWKHSHUVRQKDUERXUVDERXWKLVRUKHURZQORYDELOLW\DQG
YDOXHHJ%UHQQDQHWDO)UDOH\	6KDYHU.DUDQW]DV(YDQV	)RGG\
6XFKEHOLHIVVWHPIURPFKLOGKRRGH[SHULHQFHVRIKDYLQJDQXQUHOLDEOHFDUHJLYHUZKRZDV
LQFRQVLVWHQWLQWKHLUSURYLVLRQRIFRPIRUWZKHQUHTXLUHG7KHXQFHUWDLQW\WKDWDQ[LRXV
LQGLYLGXDOVKDYHUHJDUGLQJWKHLURZQORYDELOLW\UHVXOWVLQFKURQLFIHDUVRIDEDQGRQPHQWDQG
UHMHFWLRQ,QDGXOWKRRGDQ[LRXVO\DWWDFKHGLQGLYLGXDOVRIWHQKDYHDSUHRFFXSDWLRQZLWK
UHODWLRQVKLSVDQGVHHNLQJH[FHVVLYHDSSURYDOIURPDWWDFKPHQWILJXUHV%UHQQDQ	6KDYHU

7KHVHFRQGGLPHQVLRQDWWDFKPHQWDYRLGDQFHUHIOHFWVWKHH[WHQWWRZKLFKDSHUVRQ
GLVWUXVWVRWKHUVDQGH[SHULHQFHVGLVFRPIRUWZLWKFORVHQHVVGXHWRDIHDURIUHMHFWLRQ,Q
DGXOWKRRGLQGLYLGXDOVKLJKRQDWWDFKPHQWDYRLGDQFHVWULYHWRPDLQWDLQEHKDYLRXUDO
LQGHSHQGHQFHDQGHPRWLRQDOGLVWDQFHIURPFORVHRWKHUVHJ%UHQQDQHWDO)UDOH\HW


DO.DUDQW]DVHWDO$WWDFKPHQWDYRLGDQFHUHVXOWVIURPH[SHULHQFLQJFRQVWDQW
UHMHFWLRQIURPDFDUHJLYHUZKRLVXQUHVSRQVLYHWRWKHLQGLYLGXDO¶VVLJQDOVRIGLVWUHVV
7KHWKLUGDWWDFKPHQWVW\OHVHFXUHDWWDFKPHQWGHVFULEHVWKHSDWWHUQRIDWWDFKPHQW
GLVSOD\HGE\LQGLYLGXDOVZLWKORZOHYHOVRIERWKDWWDFKPHQWDQ[LHW\DQGDYRLGDQFH
,QGLYLGXDOVZLWKVHFXUHDWWDFKPHQWDUHDEOHWRWUXVWDQGGHSHQGRQFORVHRWKHUVWRSURYLGH
FRPIRUWLQWLPHVRIGLVWUHVVHJ%UHQQDQHWDO.DUDQW]DVHWDO6HFXUHO\
DWWDFKHGLQGLYLGXDOVKDYHKDGSRVLWLYHH[SHULHQFHVZLWKFDUHJLYHUVZKRZHUHDYDLODEOHDQG
HIIHFWLYHLQWKHLUSURYLVLRQRIFRPIRUWLQWLPHVRIQHHG

 $WWDFKPHQW5HODWLRQVKLSVDQG$WWDFKPHQW)XQFWLRQV
$VSUHYLRXVO\GLVFXVVHGDWWDFKPHQWILJXUHVVHUYHWKUHHPDLQIXQFWLRQVWKH\DUH
VRXJKWLQWLPHVRIGLVWUHVVSUR[LPLW\VHHNLQJWKH\SURYLGHFRPIRUWDQGSURWHFWLRQLQWLPHV
RIGLVWUHVVVDIHKDYHQDQGWKHUHODWLRQVKLSLVRQHIURPZKLFKWKHLQGLYLGXDOGHULYHVDVHQVH
RIVHFXULW\DQGFRQILGHQFHVHFXUHEDVH+D]DQDQG=HLIPDQGHILQHGµIXOOEORZQ¶
DWWDFKPHQWERQGVDVRQO\H[LVWLQJZKHQLQGLYLGXDOVRULHQWWRZDUGDWWDFKPHQWILJXUHVIRUDOO
WKUHHDWWDFKPHQWIXQFWLRQV+RZHYHUWKHVHDXWKRUVDOVRQRWHWKDWDQLQGLYLGXDOPD\VKDUH
ERQGVZLWKDVLJQLILFDQWRWKHUZKRPD\VHUYHRQO\RQHRUWZRDWWDFKPHQWIXQFWLRQV)RU
H[DPSOHLQGLYLGXDOVPD\VHHNSUR[LPLW\IURPDQDWWDFKPHQWILJXUHDQGXVHKLPKHUDVDVDIH
KDYHQLQWLPHVRIGLVWUHVVEXWPD\QRWGHULYHDVHQVHRIVHFXULW\DQGFRQILGHQFHIURPWKHLU
UHODWLRQVKLSZLWKWKDWSHUVRQ7KHUHIRUHUHFRJQLVLQJWKDWDWWDFKPHQWERQGVQHHGQRW
FRQVWLWXWHDOOWKUHHDWWDFKPHQWFRPSRQHQWVLVFUXFLDOLQRUGHUWRH[DPLQHWKHGLYHUVHQDWXUHRI
DWWDFKPHQWUHODWLRQVKLSV+D]DQ	=HLIPDQ0LNXOLQFHU	6KDYHU
(PSLULFDOHYLGHQFHFRQILUPVWKDWDGXOWVGRLQGHHGKDYHPXOWLSOHDWWDFKPHQWILJXUHV
ZKRDUHGLIIHUHQWLDOO\UHOLHGXSRQLQWHUPVRIIXOILOLQJGLIIHUHQWDWWDFKPHQWIXQFWLRQV


'RKHUW\	)HHQH\)UDOH\	6KDYHU+D]DQ	=HLIPDQ5RZH	
&DUQHOOH\7ULQNH	%DUWKRORPHZ)RUH[DPSOH7ULQNHDQG%DUWKRORPHZ
DVNHGSDUWLFLSDQWVWRLGHQWLI\DOOWKHSHRSOHZKRPWKH\WXUQWRLQRUGHUWRIXOILOHDFKRI
WKHWKUHHDWWDFKPHQWIXQFWLRQVSUR[LPLW\VHHNLQJVDIHKDYHQDQGVHFXUHEDVH7KHILQGLQJV
UHYHDOHGWKDW\RXQJDGXOWVKDYHRQDYHUDJHILYHDWWDFKPHQWUHODWLRQVKLSVZKLFKDUHXVHGWR
IXOILOWKHDWWDFKPHQWIXQFWLRQV7KHPRVWFRPPRQO\QRWHGUHODWLRQVKLSW\SHVWKDWIXOILOHG
DWWDFKPHQWIXQFWLRQVZHUHSDUHQWVVLEOLQJVURPDQWLFSDUWQHUVDQGEHVWIULHQGV7ULQNH	
%DUWKRORPHZ
&RQVLVWHQWO\DWWDFKPHQWWKHRULVWVDUJXHWKDWQRUPDWLYHDGROHVFHQWGHYHORSPHQWLV
FKDUDFWHULVHGE\DGHVLUHIRUDXWRQRP\IURPWKHIDPLO\XQLWDQGWKHUHIRUHDGLPLQLVKHG
UHOLDQFHRQSDUHQWVWRIXOILODWWDFKPHQWQHHGVHJ$LQVZRUWKHWDO+D]DQ	=HLIPDQ
,QWKHLUSLRQHHULQJUHVHDUFKLQWRDGXOWDWWDFKPHQWUHODWLRQVKLSV+D]DQDQG=HLIPDQ
VKRZHGWKDWDGROHVFHQFHLVPDUNHGE\DJUDGXDOVKLIWIURPSUHGRPLQDQWO\UHO\LQJRQ
SDUHQWVWRDPRUHKHDY\UHOLDQFHRQSHHUVWRIXOILODWWDFKPHQWIXQFWLRQV+D]DQDQG=HLIPDQ¶V
ZRUNLQGLFDWHGWKDWIULHQGVDQGURPDQWLFSDUWQHUVDUHUHOLHGXSRQILUVWO\WRIXOILOSUR[LPLW\
VHHNLQJDQGVDIHKDYHQIXQFWLRQVEHIRUHHYHQWXDOO\EHLQJFRQVLGHUHGWRVHUYHVHFXUHEDVH
IXQFWLRQV
,WLVVXJJHVWHGWKDWWKHFRQVROLGDWLRQRIDIXOOEORZQDWWDFKPHQWUHODWLRQVKLSUHTXLUHV
DSSUR[LPDWHO\WZR\HDUVLQZKLFKWLPHDQDWWDFKPHQWILJXUHLVJUDGXDOO\FDOOHGXSRQWRIXOILO
DOOWKUHHDWWDFKPHQWIXQFWLRQV+D]DQ	=HLIPDQ)XUWKHUPRUH+D]DQDQG=HLIPDQ
IRXQGWKDWHYHQSULPDU\VFKRROFKLOGUHQXVHSHHUVIRUSUR[LPLW\VHHNLQJIXQFWLRQV
KRZHYHULWLVQRWXQWLOODWHDGROHVFHQFHWKDWSHHUVUHSODFHSDUHQWVLQIXOILOLQJWKHVHFXUHEDVH
IXQFWLRQ
,QDGGLWLRQWRDOORZLQJSDUWLFLSDQWVWROLVWWKHQXPEHURIDWWDFKPHQWILJXUHVWKDWIXOILO
HDFKRIWKHDWWDFKPHQWIXQFWLRQV7ULQNHDQG%DUWKRORPHZDVNHGSDUWLFLSDQWVWRUDQN


DWWDFKPHQWILJXUHVLQRUGHURILPSRUWDQFHLQPHHWLQJWKHLUDWWDFKPHQWIXQFWLRQV$VDUHVXOW
7ULQNHDQG%DUWKRORPHZ¶VLQYHVWLJDWLRQDOORZHGIRUWKHH[SORUDWLRQRIERWKWKHGLYHUVLW\RI
UHODWLRQVKLSVWKDWFRQVWLWXWHDWWDFKPHQWQHWZRUNVDQGWKHKLHUDUFKLFDOVWUXFWXUHRIWKHVH
QHWZRUNV&RQVLVWHQWZLWKSUHYLRXVILQGLQJVUHVHDUFKHUVIRXQGWKDW\RXQJDGXOWVSULPDULO\
XVHSDUHQWVIRUVHFXUHEDVHIXQFWLRQVDQGWKXVUDQNHGWKHPPRUHKLJKO\IRUWKLVIXQFWLRQEXW
UHOLHGPRUHRQSHHUVWRIXOILOSUR[LPLW\VHHNLQJDQGVDIHKDYHQIXQFWLRQV+D]DQ	=HLIPDQ

,QWHUHVWLQJO\DWWDFKPHQWWKHRULVWVSURSRVHWKDWLQODWHDGROHVFHQFHDQGDGXOWKRRG
LQGLYLGXDOVLQFUHDVLQJO\VXEVWLWXWHSK\VLFDOSUR[LPLW\WRSDUHQWDODWWDFKPHQWILJXUHVZLWK
SUR[LPLW\LQPRUHV\PEROLFZD\VWKURXJKWKHDFWLYDWLRQRISDVWPHPRULHVZKHQSDUHQWVZHUH
VXSSRUWLYHDQGUHVSRQVLYHHJ%RZOE\&LFLUHOOL0LNXOLQFHUDQG6KDYHU
VXJJHVWWKDWWKHV\PEROLFUHSUHVHQWDWLRQRISDUHQWVVXJJHVWVDQRUPDWLYH
GHYHORSPHQWDOSURFHVVLQZKLFKLQGLYLGXDOVFDQGHDOZLWKGLVWUHVVLQGHSHQGHQWO\E\VHOI
VRRWKLQJLQWLPHVRIGLVWUHVV)XUWKHUPRUHIURPDGHYHORSPHQWDOSHUVSHFWLYHLQGLYLGXDOVFDQ
DOVRGUDZRQWKHLULQWHUQDOUHSUHVHQWDWLRQRISDUHQWVWRIHHOVHFXUHDQGORYHGZKLOHH[SORULQJ
DGXOWUHODWLRQVKLSVRXWVLGHWKHIDPLO\KRPHWRPHHWQHHGVIRUORYHFRPIRUWDQGVHFXULW\
.DUDQW]DV	&ROH0LNXOLQFHU	6KDYHU1ROOHU)HHQH\	3HWHUVRQ
7KHUHIRUHZKLOVW\RXQJDGXOWVEHJLQWRVHHNSUR[LPLW\PRUHZLWKSHHUVDQGURPDQWLF
SDUWQHUVIURPZKRPWKH\GHULYHDVHQVHRIFRPIRUWVDIHKDYHQDQGHYHQWXDOO\XVHDVD
VHFXUHEDVHWKH\DSSHDUWRVLPXOWDQHRXVO\UHO\RQSDUHQWVWRVHUYHDVDVHFXUHEDVHLQWKH
HYHQWWKDWRWKHUVGRQRWIXOILOWKHVHIXQFWLRQV7KLVSKHQRPHQRQRIPDLQWDLQLQJWKHSDUHQWLQ
IXOILOLQJDWWDFKPHQWIXQFWLRQVGHVSLWHLQFUHDVLQJO\WXUQLQJWRSHHUVDQGURPDQWLFSDUWQHUVWR
PHHWDWWDFKPHQWQHHGVLQDGXOWKRRGLVFDOOHGPDLQWDLQLQJSDUHQWVDVµWKHDWWDFKPHQWILJXUHV
LQUHVHUYH¶'RKHUW\	)HHQH\0LNXOLQFHU	6KDYHU



 $WWDFKPHQW+LHUDUFKLHV
,WLVLPSRUWDQWWRDFNQRZOHGJHWKDWWKHVL]HDQGGLYHUVLW\RIDQLQGLYLGXDO¶VQHWZRUNRI
DWWDFKPHQWILJXUHVGLIIHUVDVDIXQFWLRQRIIDPLO\VL]HFXOWXUHDWWLWXGHVDQGYDOXHV0DLQ	
:HVWHQYDQ,N]HQGRRUQ	6DJL+RZHYHUKDYLQJPXOWLSOHDWWDFKPHQWILJXUHV
GRHVQRWPHDQWKHVHILJXUHVDUHLQWHUFKDQJHDEOHDVWKHUHDUHDOZD\VFHUWDLQDWWDFKPHQW
ILJXUHVWKDWDUHSUHIHUUHGRYHURWKHUVLQWLPHVRIGLVWUHVV7KHRUJDQLVDWLRQRIDWWDFKPHQW
ILJXUHVLQWHUPVRISUHIHUHQFHKDVEHHQUHIHUUHGWRLQWKHDWWDFKPHQWOLWHUDWXUHDVDQ
DWWDFKPHQWKLHUDUFK\%UHWKHUWRQ$QDWWDFKPHQWKLHUDUFK\GHVFULEHVWKHRUGHULQJRI
DWWDFKPHQWILJXUHVZLWKLQRQH¶VDWWDFKPHQWQHWZRUNZKHUHE\DSULQFLSDODWWDFKPHQWILJXUH
VHUYHVWKHIXQFWLRQVRIVDIHKDYHQDQGVHFXUHEDVHZKLOVWRWKHUVXEVLGLDU\DWWDFKPHQWILJXUHV
DUHDYDLODEOHWRSURYLGHVDIHW\DQGVHFXULW\LQWKHDEVHQFHRIWKHSULQFLSDOILJXUH&DVVLG\
0LNXOLQFHU	6KDYHU
5HVHDUFKLQWRDWWDFKPHQWKLHUDUFKLHVVXJJHVWVWKDWWKHFRQWHQWDQGVWUXFWXUHRI
KLHUDUFKLHVGLIIHUVDVDIXQFWLRQRIDWWDFKPHQWVW\OH)UDOH\	'DYLV.DUDQW]DV	
&ROH5RZH	&DUQHOOH\)RUH[DPSOH5RZHDQG&DUQHOOH\IRXQGWKDW
LQVHFXUHO\DWWDFKHGLQGLYLGXDOVERWKDQ[LRXVDQGDYRLGDQWKDYHIHZHUSHRSOHLQWKHLU
DWWDFKPHQWKLHUDUFKLHVWKDQVHFXUHLQGLYLGXDOV)XUWKHUPRUHWKH\GHPRQVWUDWHGWKDWWKH
TXDOLW\RIDWWDFKPHQWUHODWLRQVKLSVYDULHVDVDIXQFWLRQRIDWWDFKPHQWVW\OHZLWKLQVHFXUH
LQGLYLGXDOVUHSRUWLQJDKLJKHUQXPEHURIUHODWLRQVKLSVWKDWVHUYHGRQO\RQHRUWZRRIWKH
DWWDFKPHQWIXQFWLRQV)RUH[DPSOHDQDWWDFKPHQWILJXUHPD\EHVRXJKWIRUWKHSUR[LPLW\
VHHNLQJIXQFWLRQEXWWKH\IDLOWRDVVXDJHGLVWUHVVDQGSURYLGHDVHQVHRIFRPIRUWDQGVDIHW\
,QWKHLUJURXQGEUHDNLQJUHVHDUFKLQWRDWWDFKPHQWKLHUDUFKLHV)UDOH\DQG'DYLV
VRXJKWWRLQYHVWLJDWHWKHUROHRIZRUNLQJPRGHOVDQGLQGLYLGXDODWWDFKPHQWVW\OHLQ
IDFLOLWDWLQJRULQKLELWLQJWKHWUDQVIHURIDWWDFKPHQWUHODWHGIXQFWLRQVIURPSDUHQWVWRSHHUVDQG
URPDQWLFSDUWQHUV8VLQJDVDPSOHRI\RXQJDGXOWVWKHVHUHVHDUFKHUVIRXQGWKDWWKRVH


SDUWLFLSDQWVZLWKDVHFXUHDWWDFKPHQWVW\OHZHUHPRUHOLNHO\WKDQWKHLULQVHFXUHFRXQWHUSDUWV
WRKDYHIRUJHGIXOOEORZQDWWDFKPHQWERQGVZLWKWKHLUSHHUV,QH[SODLQLQJWKLVILQGLQJWKH
UHVHDUFKHUVSURSRVHGWKDWSRVLWLYHZRUNLQJPRGHOVRIWKHVHOIDQGRWKHUVKDUERXUHGE\
VHFXUHO\DWWDFKHGSHRSOHIDFLOLWDWHVWKHWUDQVIHURIDWWDFKPHQWIXQFWLRQVE\DOORZLQJ
LQGLYLGXDOVWRIHHOVHFXUHDQGFRQILGHQWZLWKLQWKHSUHVHQFHRISHHUVDQGURPDQWLFSDUWQHUV
)UDOH\	'DYLV
)XUWKHUPRUH)UDOH\DQG'DYLVIRXQGWKDWSDUWLFLSDQWVZKRYLHZHGWKHLU
URPDQWLFSDUWQHUVDVEHLQJLQVHFXUHZHUHOHVVOLNHO\WRKDYHWUDQVIHUUHGDWWDFKPHQWUHODWHG
IXQFWLRQVWRWKHLUSDUWQHUV7KHUHIRUHLWDSSHDUVWKDWSHUFHLYHGLQVHFXULW\RISHHUVURPDQWLF
SDUWQHUVRUIULHQGVLQKLELWVDWWDFKPHQWWUDQVIHU7KLVLVQRWVXUSULVLQJJLYHQWKDWLQVHFXUH
DGXOWVDUHOHVVUHVSRQVLYHDQGVXSSRUWLYHLQURPDQWLFUHODWLRQVKLSVDQGWKHUHIRUHPD\QRW
SURPRWHWKHH[SHULHQFHRIIHOWVHFXULW\LQWKHLUSDUWQHUV6LPSVRQ5KROHV	1HOOLJDQ
$GGLWLRQDOO\WKLVVWXG\IRXQGWKDWDWWDFKPHQWDYRLGDQFHZDVQHJDWLYHO\DVVRFLDWHGZLWKWKH
WHQGHQF\WRHVWDEOLVKDWWDFKPHQWERQGVZLWKSHHUV7KHUHVHDUFKHUVKLJKOLJKWWKDWWKLVDEVHQFH
RUGHOD\RIWKHWUDQVIHUHQFHRIDWWDFKPHQWUHODWHGIXQFWLRQVLVDQLPSRUWDQWFKDUDFWHULVWLFRI
WKHDYRLGDQWDWWDFKPHQWVW\OH)UDOH\	'DYLV)XUWKHUPRUHDQ[LRXVO\DWWDFKHG\RXQJ
DGXOWVUHSRUWHGILQGLQJLWHDV\WRIRUPDWWDFKPHQWVZLWKSHHUVKRZHYHUWKHVHUHODWLRQVKLSV
FKDUDFWHULVWLFDOO\IDLOHGWRSURSHUO\VHUYHDWWDFKPHQWUHODWHGIXQFWLRQV)UDOH\	'DYLV

&ROOHFWLYHO\WKHVHILQGLQJVGHPRQVWUDWHKRZDWWDFKPHQWVW\OHVSOD\DQLPSRUWDQWUROH
LQJXLGLQJWKHWUDQVIHURIDWWDFKPHQWUHODWHGIXQFWLRQVIURPSDUHQWVWRSHHUV7KHUHIRUH
VRPHRQHZLWKDSUHGLVSRVLWLRQWRYLHZRWKHUVDVVXSSRUWLYHDQGWUXVWZRUWK\FKDUDFWHULVWLFRI
DVHFXUHDWWDFKPHQWPD\EHPRUHZLOOLQJWRIRUJHDQDWWDFKPHQWUHODWLRQVKLSZLWKDIULHQGRU
DURPDQWLFSDUWQHUDQGXVHWKHPWRIXOILOYDULRXVDWWDFKPHQWIXQFWLRQVRYHUWLPH,Q
FRPSDULVRQVRPHRQHZLWKDSUHGLVSRVLWLRQWRYLHZRWKHUVDVXQUHOLDEOHDQGXQWUXVWZRUWK\


FKDUDFWHULVWLFRIDQDYRLGDQWDWWDFKPHQWRUIHDUDEDQGRQPHQWFKDUDFWHULVWLFRIDQ[LRXV
DWWDFKPHQWPD\SUHIHUWRUHPDLQVHOIUHOLDQWRUPD\VHWWOHIRUSHHUUHODWLRQVKLSVWKDWGRQRW
IXOILOVXFKIXQFWLRQVDVVDIHKDYHQDQGVHFXUHEDVH

 $WWDFKPHQW(PRWLRQ5HJXODWLRQDQGWKH([SHULHQFHRI3RVLWLYHDQG1HJDWLYH
$IIHFW
0LNXOLQFHUDQG6KDYHUVXJJHVWWKDWWKHDWWDFKPHQWV\VWHPLVDQLQQDWHHPRWLRQ
UHJXODWLRQGHYLFHZKHUHE\SHUFHLYHGWKUHDWVDFWLYDWHWKHV\VWHPDQGPRWLYDWHWKHWKUHDWHQHG
LQGLYLGXDOWRVHHNVDIHW\DQGFRPIRUW'HILQLQJHPRWLRQUHJXODWLRQUHTXLUHVWKHWHUPHPRWLRQ
WREHGHILQHGDQGGLIIHUHQWLDWHGIURPVLPLODUFRQVWUXFWVVXFKDVPRRGDQGDIIHFW(PRWLRQLV
GHILQHGDVDSK\VLRORJLFDODQGEHKDYLRXUDOUHVSRQVHWHQGHQF\WKDWFDQEHDWWULEXWHGWRD
SDUWLFXODUHOLFLWLQJHYHQW*URVV-DPHV7KHWHUPPRRGGHVFULEHVDPRUH
DWWHQXDWHGIRUPRIHPRWLRQZKLFKLVOHVVUHDFWLYHLQQDWXUHDQGPD\EHFDXVHGE\D
FRPELQDWLRQRIHOLFLWLQJHYHQWV*URVV$IIHFWFDQEHWKRXJKWRIDVDQXPEUHOOD
FRQFHSWZKLFKLQFRUSRUDWHVERWKHPRWLRQDQGGHVFULEHVDQRYHUDOOIHHOLQJRIHLWKHUEHLQJLQD
SRVLWLYHRUQHJDWLYHHPRWLRQDOVWDWH*URVV)LQDOO\HPRWLRQUHJXODWLRQLVWKHSURFHVV
RIFRQVFLRXVO\RUVXEFRQVFLRXVO\GHDOLQJZLWKHPRWLRQZKHUHE\LWLVHLWKHUH[SUHVVHGRU
LQKLELWHGDFFRUGLQJWRWKHSHUVRQDODQGLQWHUSHUVRQDOJRDOVDQGFRSLQJDELOLWLHVRIDQ
LQGLYLGXDO&DVVLG\*URVV7KXVHPRWLRQG\VUHJXODWLRQLVFRQFHSWXDOLVHGDV
WKHGLIILFXOW\RULQDELOLW\WRUHJXODWHHPRWLRQVFRQVFLRXVO\RUVXEFRQVFLRXVO\*UDW]	
5RHPHU
$FFRUGLQJWR0LNXOLQFHUDQG6KDYHUVHFXUHDWWDFKPHQWDQGWKHH[SHULHQFHRI
IHOWVHFXULW\SURPRWHWKHGHYHORSPHQWRIIOH[LEOHDQGUHDOLW\DWWXQHGHPRWLRQDOUHJXODWRU\
SURFHVVHVZKLFKDOORZHPRWLRQVWREHH[SHULHQFHGDQGH[SUHVVHGZLWKRXWGHIHQVLYH
GLVWRUWLRQ7KURXJKQRUPDWLYHGHYHORSPHQWRIHPRWLRQDOUHJXODWRU\SURFHVVHVVHFXUHO\


DWWDFKHGLQGLYLGXDOVGHYHORSFRSLQJVWUDWHJLHVWKDWDOOHYLDWHGLVWUHVVDQGSURPRWHSRVLWLYH
HPRWLRQVHJUHOLHIVDWLVIDFWLRQJUDWLWXGH0LNXOLQFHU	6KDYHU$WWDFKPHQW
VHFXULW\DOORZVSHRSOHWRWROHUDWHDYHUVLYHHPRWLRQVWHPSRUDULO\LQRUGHUWRDFKLHYHPDVWHU\
RYHUWKUHDWHQLQJRUIUXVWUDWLQJVLWXDWLRQV&DVVLG\,QFRQWUDVWDWWDFKPHQWLQVHFXULWLHV
FRQWULEXWHWRGLVWRUWLRQRUGHQLDORIHPRWLRQDOH[SHULHQFHVVXEFRQVFLRXVVXSSUHVVLRQRI
SRWHQWLDOO\IXQFWLRQDOHPRWLRQVG\VIXQFWLRQDOUXPLQDWLRQRIWKUHDWVDQGSRRUFRSLQJVNLOOV
0LNXOLQFHU	6KDYHU
*LYHQWKDWDQ[LRXVO\DWWDFKHGLQGLYLGXDOVDUHJXLGHGE\DQXQIXOILOOHGGHVLUHWRJDLQ
WKHDWWHQWLRQRIDQXQUHOLDEOHDWWDFKPHQWILJXUHDYHUVLYHHPRWLRQVVXFKDVVDGQHVVDQ[LHW\
DQGIHDUDUHRIWHQFRQVLGHUHGDVJRDOFRQJUXHQW7KHUHIRUHHPRWLRQUHJXODWLRQVWUDWHJLHV
DLPHGDWDOOHYLDWLQJWKHVHDYHUVLYHHPRWLRQVDUHRIWHQUHQGHUHGLUUHOHYDQW5DWKHUDQ[LRXV
LQGLYLGXDOVHVFDODWHH[SUHVVLRQRIDYHUVLYHHPRWLRQVWKURXJKWKHXVHRIK\SHUDFWLYDWLQJ
VWUDWHJLHVWRWKHSRLQWWKDWRWKHUVIHHOFRPSHOOHGWRUHVSRQGWRWKHLUGLVWUHVV6HDUOH	0HDUD
:HL9RJHO7VXP<DR	=DNDOLN)RUH[DPSOHMHDORXV\DQJHUVDGQHVV
DQ[LHW\IHDUDQGVKDPHPD\EHSHUFHLYHGE\DQ[LRXVLQGLYLGXDOVDVZRUWKVXVWDLQLQJRUHYHQ
H[DJJHUDWLQJWRJDLQDQDWWDFKPHQWILJXUH¶VDWWHQWLRQ,QRUGHUWRKHLJKWHQDYHUVLYHHPRWLRQV
DQ[LRXVLQGLYLGXDOVZLOORIWHQHPSOR\PDODGDSWLYHFRSLQJVWUDWHJLHVHLWKHUXQFRQVFLRXVO\RU
FRQVFLRXVO\VXFKDVPDNLQJVHOIGHIHDWLQJGHFLVLRQVRUWDNLQJLQHIIHFWXDOFRXUVHVRIDFWLRQ
WKDWHQGLQIDLOXUH0LNXOLQFHU	6KDYHU
,QFRQWUDVWWKHPDLQJRDORIDYRLGDQWLQGLYLGXDOVLVWRPDLQWDLQDWWDFKPHQWV\VWHP
GHDFWLYDWLRQLQZKLFKDOOHPRWLRQVWKDWDFWLYDWHWKHDWWDFKPHQWV\VWHPDUHLQKLELWHG)RU
H[DPSOHDQJHUPD\EHLQKLELWHGE\DQDYRLGDQWLQGLYLGXDODVWKLVZRXOGLPSO\HPRWLRQDO
LQYROYHPHQWLQDUHODWLRQVKLSDQGPD\XQGHUPLQHWKHDYRLGDQWSHUVRQ¶VFRPPLWPHQWWRVHOI
UHOLDQFH&DVVLG\$YRLGDQWLQGLYLGXDOV¶LQDELOLW\RUXQZLOOLQJQHVVWRGHDOGLUHFWO\
ZLWKDYHUVLYHHPRWLRQVOLPLWVWKHPWRHLWKHUVXSSUHVVHPRWLRQRUGLVVRFLDWHIURPWKHHIIHFWV


RIHPRWLRQ2EHJL	%HUDQW)DLOXUHWRGHDOZLWKWKHVRXUFHRIDQDYHUVLYHHPRWLRQ
PHDQVWKDWWKHFDXVHRIWKHHPRWLRQUHPDLQVXQUHVROYHG7KHUHIRUHDYRLGDQWLQGLYLGXDOVZLOO
RIWHQKDYHDFFXPXODWHGLQWHUSHUVRQDOSUREOHPVRUSV\FKRVRFLDOLVVXHVFRQWULEXWLQJWR
RQJRLQJQHJDWLYHFRQVHTXHQFHV$YRLGDQWLQGLYLGXDOV¶H[WUHPHVHOIUHOLDQFHDQGGLVPLVVDORI
WKHQHHGIRURWKHUVLVXOWLPDWHO\PDODGDSWLYHDQGLQHIIHFWLYHLQPDLQWDLQLQJSRVLWLYHDIIHFWLQ
WKHORQJWHUP6HDUOH	0HDUD:HLHWDO
:KLOVWWKHXWLOLVDWLRQRIFRQVWUXFWLYHHPRWLRQUHJXODWLRQVWUDWHJLHVKDVEHHQVKRZQWR
DOOD\GLVWUHVVDQGLQFUHDVHSRVLWLYHDIIHFWLYLW\UHOLDQFHRQPDODGDSWLYHHPRWLRQUHJXODWLRQ
VWUDWHJLHVFRQWULEXWHVWRQHJDWLYHDIIHFWLYLW\*URVV1HJDWLYHDIIHFWLYLW\FDQEH
GHILQHGDVWKHH[WHQWWRZKLFKDSHUVRQLVIHHOLQJXSVHWRUXQSOHDVDQWO\HQJDJHGUDWKHUWKDQ
SHDFHIXO*URVV1RWVXUSULVLQJO\JLYHQDQ[LRXVDQGDYRLGDQWLQGLYLGXDOV¶RYHU
UHOLDQFHRQPDODGDSWLYHUHJXODWRU\VWUDWHJLHVDQDEXQGDQFHRIUHVHDUFKVKRZVWKDWLQVHFXUH
DWWDFKPHQWLVSRVLWLYHO\FRUUHODWHGZLWKQHJDWLYHDIIHFW&DVVLG\&DVVLG\	
.REDN&ROH'HWNH	.REDN&RRSHUHWDO/RSH]	%UHQQDQ
0LNXOLQFHU6KDYHU	3HUHJ)RUH[DPSOHQXPHURXVVWXGLHVVKRZWKDWLQGLYLGXDOV
KLJKRQDWWDFKPHQWDQ[LHW\UHSRUWH[SHULHQFLQJKLJKQHJDWLYHDIIHFWLYLW\&DVVLG\
&DVVLG\	.REDN/RSH]	%UHQQDQ0LNXOLQFHUHWDO+RZHYHU
VXSSRUWIRUDSRVLWLYHFRUUHODWLRQEHWZHHQDWWDFKPHQWDYRLGDQFHDQGQHJDWLYHDIIHFWLYLW\KDV
EHHQOHVVFRQVLVWHQWZLWKVRPHVWXGLHVGHPRQVWUDWLQJDVLJQLILFDQWDVVRFLDWLRQ&ROH'HWNH	
.REDN&RRSHUHWDODQGRWKHUVIDLOLQJWRILQGVXFKDOLQN5RVHQVWHLQ	
+RURZLW]6KDYHU6FKDFKQHU	0LNXOLQFHU
7KHGLFKRWRPRXVDWWDFKPHQWUHODWHGJRDOVXQGHUSLQQLQJWKHWZRLQVHFXUHDWWDFKPHQW
VW\OHVLQGLFDWHWKDWWKHUHVSHFWLYHDVVRFLDWLRQVIRXQGZLWKQHJDWLYHDIIHFWLYLW\DUHPHGLDWHG
YLDGLIIHUHQWYDULDEOHV7RLOOXVWUDWH:HL9RJHO7VXP<DRDQG=DNDOLNIRXQGWKDW
DWWDFKPHQWDQ[LHW\FRQWULEXWHGWRQHJDWLYHDIIHFWWKURXJKLQWHQVLILFDWLRQRIQHJDWLYH


HPRWLRQVZKLOVWDWWDFKPHQWDYRLGDQFHFRQWULEXWHGWRQHJDWLYHDIIHFWWKURXJKEORFNLQJ
DZDUHQHVVRIQHJDWLYHHPRWLRQVDQGDWWHPSWVWRUHVROYHWKHVWUHVVRUDVZHOODVLQKLELWLQJ
SRVLWLYHHPRWLRQDOVWDWHV:HLHWDO7KHVHILQGLQJVDUHFRQVLVWHQWZLWKFKDUDFWHULVWLFV
RIDQ[LRXVDQGDYRLGDQWLQGLYLGXDOV¶XVHRIK\SHUDFWLYDWLRQDQGGHDFWLYDWLRQFRSLQJ
VWUDWHJLHVDQGSURYLGHVVXSSRUWLQJHYLGHQFHWKDWLQVHFXUHO\DWWDFKHGSHRSOHIUHTXHQWO\
HPSOR\PDODGDSWLYHHPRWLRQUHJXODWLRQVWUDWHJLHVDVDUHVXOWRIWKHVHWHQGHQFLHV
,QXWLOLVLQJPDODGDSWLYHVWUDWHJLHVLQVHFXUHO\DWWDFKHGLQGLYLGXDOVPDLQWDLQDF\FOHRI
QHJDWLYHDIIHFWLYLW\+RZHYHUWKHK\SHUDFWLYDWLQJDQGGHDFWLYDWLQJFRSLQJVWUDWHJLHV
DVVRFLDWHGZLWKDWWDFKPHQWDQ[LHW\DQGDYRLGDQFHUHVSHFWLYHO\RSHUDWHWRPDLQWDLQQHJDWLYH
DIIHFWLYLW\YLDGLIIHUHQWSDWKZD\V7RH[SODLQDQ[LRXVLQGLYLGXDOVH[SHULHQFHKHLJKWHQHG
QHJDWLYHDIIHFWLYLW\GXHWRWKHLQWHQVLILFDWLRQDQGH[DJJHUDWLRQRIDYHUVLYHHPRWLRQVDQG
PRRGV0LNXOLQFHU0LNXOLQFHU2UEDFK	,DYQLHOL:KHUHDVDYRLGDQW
LQGLYLGXDOVPDLQWDLQQHJDWLYHDIIHFWLYLW\E\OLPLWLQJWKHLUFRSLQJWRDYRLGDQWVWUDWHJLHVZKLFK
SURYLGHRQO\WHPSRUDU\UHOLHIIURPGLVWUHVVDQGOHDYHWKHDFWXDOFDXVHRIGLVWUHVVXQUHVROYHG
0LNXOLQFHU0LNXOLQFHUHWDO7KXVDYRLGDQWVWUDWHJLHVOLNHGHQLDOGLVWDQFLQJ
RUGLVDVVRFLDWLRQDUHDUJXHGE\0LNXOLQFHUDQG6KDYHUWRPDLQWDLQDF\FOHRIQHJDWLYH
DIIHFWE\FRQWULEXWLQJWRWKHH[SHULHQFHRIDYHUVLYHHPRWLRQVVXFKDVIUXVWUDWLRQKRSHOHVVQHVV
DQGUHVHQWPHQW±HPRWLRQVFRPPRQO\H[SHULHQFHGE\DYRLGDQWLQGLYLGXDOVLQVWXGLHV
H[DPLQLQJWKHOLQNVEHWZHHQDIIHFWDQGDWWDFKPHQWVW\OHVHJ0LNXOLQFHU0LNXOLQFHU
HWDO:HLHWDO
,QFRQWUDVWVHFXUHO\DWWDFKHGLQGLYLGXDOV¶SRVLWLYHUHODWLRQVKLSH[SHULHQFHVIRUPWKH
IRXQGDWLRQXSRQZKLFKWKH\OHDUQWRPRGHOKRZWRLQWHUSUHWDQGH[SHULHQFHWKHIXOOVSHFWUXP
RIHPRWLRQV0LNXOLQFHU	6KDYHU+RZHYHUVHFXUHO\DWWDFKHGLQGLYLGXDOVH[SHULHQFH
OHVVLQWHQVHQHJDWLYHDIIHFWLYHH[SHULHQFHVDQGPRUHSRVLWLYHHPRWLRQVGXHWRVHFXUH
LQGLYLGXDOVZLOOLQJQHVVWRVHHNLQWLPDF\DQGVXSSRUWIURPRWKHUVDVZHOODVHQJDJHLQ


HIIHFWLYHGLVWUHVVUHVROYLQJVWUDWHJLHVWKDWIDFLOLWDWHLQEXLOGLQJRQH¶VVHQVHRIFRPSHWHQFHDQG
PDVWHU\0LNXOLQFHU	)ORULDQ0LNXOLQFHU	6KDYHU$VDFDVHLQSRLQW
0LNXOLQFHUDQGFROOHDJXHV0LNXOLQFHU0LNXOLQFHUHWDOIRXQGWKDWVHFXUHO\
DWWDFKHGLQGLYLGXDOVUHSRUWHGOHVVLQWHQVHQHJDWLYHDIIHFWDVVRFLDWHGZLWKSDVWKXUWIXO
PHPRULHVZKLOHJUHDWSRVLWLYHDIIHFWZKHQDVNHGWRUHSRUWRQSRVLWLYHPHPRULHV
7KHSHUYDVLYHQHVVRIK\SHUDFWLYDWLQJDQGGHDFWLYDWLQJVWUDWHJLHVDVVRFLDWHGZLWK
DWWDFKPHQWVW\OHVGRQRWRQO\LPSDFWRQSHRSOH¶VDELOLWLHVWRUHJXODWHHPRWLRQVEXWDOVR
LQIOXHQFHVWKHLUDELOLW\WRFRSHZLWKDEURDGDUUD\RIVWUHVVIXOVLWXDWLRQV7KXVPXFKUHVHDUFK
KDVLQYHVWLJDWHGKRZDWWDFKPHQWLVDVVRFLDWHGZLWKFRSLQJPRUHJHQHUDOO\HJ%XHORZ
/\GGRQ	-RKQVRQ.DUDQW]DV	&ROH/XVVLHU6DERXULQ	7XUJHRQ
7KLVUHVHDUFKLVUHYLHZHGLQ6HFWLRQDQGDEULHIGHVFULSWLRQRIFRSLQJWKHRU\LVSURYLGHG

 $WWDFKPHQWDQG&RSLQJ
*LYHQWKDWDWWDFKPHQWWKHRU\LVYLHZHGDVDWKHRU\RIHPRWLRQDQGGLVWUHVVUHJXODWLRQ
LWLVQRWVXUSULVLQJWKDWWKHODVWWZRGHFDGHVKDVVHHQQXPHURXVVWXGLHVHPHUJHLQYHVWLJDWLQJ
WKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWVW\OHDQGFRSLQJHJ%DOH	.DUDQW]DV
0LNXOLQFHU	)ORULDQ0LNXOLQFHU)ORULDQ	:HOOHU6LPLODUWRWKHELQJH
HDWLQJOLWHUDWXUHUHVHDUFKLQWRDWWDFKPHQWDQGFRSLQJKDVUHYHDOHGWKDWDWWDFKPHQWVW\OHLV
DVVRFLDWHGZLWKFRQVLVWHQWSDWWHUQVRIFRSLQJDFURVVYDULRXVVWUHVVIXOVLWXDWLRQV%DOH	
.DUDQW]DV+R\OH	.DUDQW]DV.DUDQW]DV0LNXOLQFHU	)ORULDQ
0LNXOLQFHU	6KDYHU)XUWKHUPRUHUHFHQWUHVHDUFKLQWRWKHDWWDFKPHQWFRSLQJ
QH[XVVXJJHVWVWKDWDWWDFKPHQWWKHRU\PD\RIIHUDQLPSRUWDQWUHFRQFHSWXDOLVDWLRQRIEURDG
FRSLQJVWUDWHJLHVWKDWH[WHQGRQWKHHPRWLRQIRFXVHGSUREOHPIRFXVHGFRSLQJGLVWLQFWLRQ
ZLGHO\DUWLFXODWHGLQWKHFRSLQJOLWHUDWXUH
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
$FFRUGLQJWR.DUDQW]DVDQG:HLHWDOHPRWLRQIRFXVHGFRSLQJFDQEH
SDUWLWLRQHGLQWRVWUDWHJLHVWKDWLQWHQVLI\DQGH[DJJHUDWHHPRWLRQDOGLVWUHVVLH
K\SHUDFWLYDWLRQVWUDWHJLHVVXFKDVZLVKIXOWKLQNLQJYHQWLQJDQGDIIHFWDPSOLILFDWLRQ
FRPSDUHGWRVWUDWHJLHVWKDWDLPWRPLQLPLVHWKHH[SHULHQFHRIHPRWLRQDOGLVWUHVVLH
GHDFWLYDWLRQVWUDWHJLHVZKLFKLQFOXGHGHQLDODYRLGDQFHDQGFRJQLWLYHGLVHQJDJHPHQW
)XUWKHUPRUHGUDZLQJRQ&DVVLG\DQG.REDN¶VFRQFHSWRIFRQVWUXFWLYHFRSLQJDQG
&RKHQ¶VYLHZWKDWVHHNLQJRIVXSSRUWDQGVROYLQJSUREOHPVDUHKLJKO\IXQFWLRQDODQG
DGDSWLYHVWUDWHJLHVLQDPHOLRUDWLQJGLVWUHVV.DUDQW]DVFRQWHQGVWKDWERWKSUREOHP
IRFXVHGFRSLQJDQGVRFLDOVXSSRUWVKRXOGEHJURXSHGDVFRQVWUXFWLYHVWUDWHJLHV±VWUDWHJLHV
WKDWIURPDQDWWDFKPHQWWKHRU\SHUVSHFWLYHDVVLVWLQWKHDFKLHYHPHQWRIIHOWVHFXULW\DQGWKH
GHDFWLYDWLRQRIWKHDWWDFKPHQWV\VWHP
5HFHQWUHVHDUFKLQYHVWLJDWLQJWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWGLPHQVLRQVDQG
SDUWLFXODUFRSLQJVWUDWHJLHVKDVIRXQGFRQVLVWHQWOLQNVEHWZHHQWKHXVHRIWKHVHYDULRXVIRUPV
RIHPRWLRQIRFXVHGFRSLQJVWUDWHJLHVDQGFRQVWUXFWLYHFRSLQJVWUDWHJLHV%DOHDQG.DUDQW]DV
LQYHVWLJDWHGSDUWLFLSDQWV¶FRSLQJUHVSRQVHVDFURVVYDULRXVVWUHVVIXOVLWXDWLRQVZKLFK
LQFOXGHGVFHQDULRVSHUWDLQLQJWRZRUNSODFHVWUHVVRUVUHODWLRQVKLSSUREOHPVDQGVWXG\
VWUHVVRUVDQGIRXQGWKDWDWWDFKPHQWVW\OHFRQVLVWHQWO\SUHGLFWHGWKHW\SHRIFRSLQJVWUDWHJLHV
HPSOR\HGLUUHVSHFWLYHRIWKHVWUHVVRUW\SH6SHFLILFDOO\WKHVWXG\GHPRQVWUDWHGDVWURQJ
SRVLWLYHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDYRLGDQFHDQGHPRWLRQIRFXVHGGHDFWLYDWLQJ
VWUDWHJLHVDQGDWWDFKPHQWDQ[LHW\DQGHPRWLRQIRFXVHGK\SHUDFWLYDWLQJVWUDWHJLHV
)XUWKHUPRUHWKLVUHVHDUFKIRXQGDQHJDWLYHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDYRLGDQFHDQG
FRQVWUXFWLYHFRSLQJ+RZHYHUQRVLJQLILFDQWDVVRFLDWLRQZDVIRXQGEHWZHHQDWWDFKPHQW
DQ[LHW\DQGFRQVWUXFWLYHFRSLQJ)DLOXUHWRILQGDQHJDWLYHDVVRFLDWLRQEHWZHHQDWWDFKPHQW
DQ[LHW\DQGFRQVWUXFWLYHFRSLQJPD\EHH[SODLQHGE\DQ[LRXVLQGLYLGXDOV¶SRVLWLYHZRUNLQJ
PRGHOVRIRWKHUV:KHUHE\DQ[LRXVLQGLYLGXDOVPD\EHPRUHLQFOLQHGWRXWLOLVHVRFLDO


VXSSRUWWKDQDYRLGDQWLQGLYLGXDOVZKLFKLVDFRSLQJVWUDWHJ\VXEVXPHGXQGHUWKHXPEUHOODRI
FRQVWUXFWLYHFRSLQJ
7KHDERYHVWXG\LVFRQVLVWHQWZLWKSUHYLRXVUHVHDUFKILQGLQJDVVRFLDWLRQVEHWZHHQWKH
GLIIHUHQWDWWDFKPHQWVW\OHVDQGFHUWDLQFRSLQJVWUDWHJLHV,QDVDPSOHRI,VUDHOLFROOHJH
VWXGHQWV0LNXOLQFHU)ORULDQDQG:HOOHUH[SORUHGZKHWKHUDWWDFKPHQWVW\OHZDV
DVVRFLDWHGZLWKGLIIHUHQWLDOFRSLQJUHVSRQVHVWRWKH,UDTL6FXGPLVVLOHDWWDFNVGXULQJWKH*XOI
:DU3DUWLFLSDQWVZLWKLQVHFXUHDWWDFKPHQWUHSRUWHGUHO\LQJSUHGRPLQDQWO\RQHPRWLRQ
IRFXVHGFRSLQJVWUDWHJLHVLQWLPHVRIGLVWUHVV7KLVVWXG\IRXQGWKDWDQ[LRXVLQGLYLGXDOVZHUH
PRUHOLNHO\WRXVHVWUDWHJLHVRIUXPLQDWLRQDQGZLVKIXOWKLQNLQJLHZLVKLQJWKH\FRXOGEH
UHPRYHGIURPWKHVWUHVVIXOVLWXDWLRQZKLOVWDYRLGDQWLQGLYLGXDOVUHOLHGPRUHRQFRJQLWLYH
GLVWDQFLQJVWUDWHJLHVDLPHGDWVXSSUHVVLQJFRQFHUQV0LNXOLQFHUHWDO)XUWKHUPRUH
ILQGLQJVUHYHDOHGWKDWWKRVHSDUWLFLSDQWVZLWKVHFXUHDWWDFKPHQWVRXJKWPRUHVRFLDOVXSSRUW
WKDQLQVHFXUHO\DWWDFKHGDQ[LRXVDQGDYRLGDQWSDUWLFLSDQWV6XEVHTXHQWUHVHDUFKVXSSRUWV
WKHILQGLQJWKDWLQVHFXUHDWWDFKPHQWLVQHJDWLYHO\UHODWHGWRVXSSRUWVHHNLQJ'H)URQ]R
3DQ]DUHOOD	%XWOHU
$GGLWLRQDOO\WKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWVW\OHDQGFRSLQJVWUDWHJLHVKDVEHHQ
LQYHVWLJDWHGZLWKLQWKHFRQWH[WRIFRPPRQLQWHUSHUVRQDOVWUHVVRUV5HVHDUFKLQGLFDWHVWKDW
DWWDFKPHQWVW\OHPD\FRQWULEXWHWRGLIIHUHQFHVLQWKHZD\SHRSOHFRSHZLWKWKHVWUHVV
DVVRFLDWHGZLWKPDUULDJH/XVVLHUHWDODQGGLYRUFH%LUQEDXP2UU0LNXOLQFHU	
)ORULDQ7KHVHVWXGLHVVKRZHGWKDWLQGLYLGXDOVKLJKRQDWWDFKPHQWDQ[LHW\
SUHGRPLQDQWO\XWLOLVHGHPRWLRQIRFXVHGK\SHUDFWLYDWLQJVWUDWHJLHVVXFKDVVHOIEODPHDQG
UXPLQDWLRQ:KHUHDVLQGLYLGXDOVKLJKRQDWWDFKPHQWDYRLGDQFHZHUHIRXQGWRSUHGRPLQDQWO\
UHO\RQHPRWLRQIRFXVHGGHDFWLYDWLQJVWUDWHJLHVVXFKDVGHQLDODQGGLVWDQFLQJ7KHUHIRUHLW
DSSHDUVWKDWDWWDFKPHQWGLPHQVLRQVDUHFRQVLVWHQWO\OLQNHGZLWKWKHZD\LQGLYLGXDOVFRSH
ZLWKHYHU\GD\VWUHVVRUV0RUHRYHUWKHVHILQGLQJVFRQWULEXWHWRDJURZLQJERG\RIHYLGHQFH


WKDWLQVHFXUHO\DWWDFKHGLQGLYLGXDOVSUHGRPLQDQWO\UHO\RQHPRWLRQIRFXVHGFRSLQJVWUDWHJLHV
ZKLFKDUHRIWHQPDODGDSWLYHDQGIDLOWRDOOHYLDWHWKHFDXVHRIGLVWUHVV
,QVXPPDU\HPHUJLQJUHVHDUFKKLJKOLJKWVWKDWWKHUHPD\EHPRUHVWDELOLW\LQWKH
W\SHVRIFRSLQJVWUDWHJLHVDQLQGLYLGXDOXWLOLVHVDFURVVGLIIHUHQWVWUHVVIXOVLWXDWLRQVWKDQ
LQGLFDWHGE\WKHWUDQVDFWLRQDOPRGHORIVWUHVVDQGFRSLQJ)XUWKHUPRUHLQVHFXUHDWWDFKPHQW
VHHPVWRLQKLELWLQGLYLGXDOVIURPXWLOLVLQJFRSLQJVWUDWHJLHVRWKHUWKDQHPRWLRQIRFXVHG
K\SHUDFWLYDWLQJRUGHDFWLYDWLQJVWUDWHJLHV%DOHDQG.DUDQW]DVVXJJHVWWKDWSHRSOHZLWK
LQVHFXUHDWWDFKPHQWPD\EHFRPHVRVWURQJO\WLHGWRWKHLUOLPLWHGUHSHUWRLUHRIHPRWLRQ
IRFXVHGFRSLQJVWUDWHJLHVWKDWWKH\DUHXQDEOHWRHQJDJHLQPRUHFRQVWUXFWLYHFRSLQJ
UHVSRQVHV
,WLVZLGHO\DFNQRZOHGJHGLQWKHFRSLQJOLWHUDWXUHWKDWWKHHQDFWPHQWRIFRQVWUXFWLYH
FRSLQJ\LHOGVSRVLWLYHHPRWLRQVDQGEXIIHUVDJDLQVWGLVWUHVVDQGUHGXFHVQHJDWLYHDIIHFWLYLW\
*URVV7KHUHIRUHIDLOXUHWRILQGDSRVLWLYHDVVRFLDWLRQEHWZHHQLQVHFXUHDWWDFKPHQW
DQGFRQVWUXFWLYHFRSLQJPD\SURYLGHIXUWKHULQVLJKWLQWRZK\LQVHFXUHDWWDFKPHQWLVKHDYLO\
DVVRFLDWHGZLWKQHJDWLYHDIIHFWLYLW\
+DYLQJUHYLHZHGWKHIRXQGDWLRQDOZRUNOLQNLQJDWWDFKPHQWWRHPRWLRQUHJXODWLRQ
FRSLQJDQGWKHH[SHULHQFHRIQHJDWLYHHPRWLRQVWKHOLQNVEHWZHHQDWWDFKPHQWWKHVH
UHJXODWRU\VWUDWHJLHVDQGHDWLQJGLVRUGHUVHVSHFLDOO\ELQJHHDWLQJZLOOEHGLVFXVVHGLQ
&KDSWHU


&+$37(5
([DPLQLQJWKH$VVRFLDWLRQEHWZHHQ$WWDFKPHQW(DWLQJ'LVRUGHUVDQG
%LQJH(DWLQJ
,QWKLVFKDSWHUWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDQGHDWLQJGLVRUGHUVZLOOEH
RXWOLQHG7KLVZLOOEHIROORZHGE\WKHSUHVHQWDWLRQRIDK\SRWKHVLVHGPRGHORIKRZWKH
GLPHQVLRQVXQGHUO\LQJDWWDFKPHQWDWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFHPD\
FRQWULEXWHWRWKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJHHDWLQJVSHFLILFDOO\WKURXJKYDULRXV
FRSLQJDQGUHJXODWRU\VWUDWHJLHVDQGDIIHFWLYHYDULDEOHVZLGHO\VWXGLHGLQWKHELQJHHDWLQJ
OLWHUDWXUHWKDWKDYHVWURQJWKHRUHWLFDOOLQNVWRDWWDFKPHQWVW\OH7KHVHDGGLWLRQDOUHJXODWRU\
DQGDIIHFWLYHIDFWRUVLQFOXGHHPRWLRQDORYHUHDWLQJGLIILFXOWLHVLQUHJXODWLQJHPRWLRQV
HPRWLRQG\VUHJXODWLRQWKHH[SHULHQFHRIQHJDWLYHDQGSRVLWLYHDIIHFWDQGGLHWDU\UHVWUDLQW
7KLVLVWKHQIROORZHGE\DVHFWLRQWKDWH[DPLQHVKRZIRRGPD\EHLPSOLFDWHGLQWKH
IXOILOPHQWRIDWWDFKPHQWQHHGVIRULQGLYLGXDOVZKRH[SHULHQFHELQJHHDWLQJ7KHFKDSWHU
FRQFOXGHVZLWKWKHWKHVLVDLPVDQGK\SRWKHVHV

 ,QWURGXFWLRQWRWKHOLQNEHWZHHQ$WWDFKPHQWDQG(DWLQJ'LVRUGHUV
7KHVWXG\RIHDWLQJGLVRUGHUVIURPDUHODWLRQVKLSVSHUVSHFWLYHGDWHVEDFNWRWKHHDUO\
VZKHQ%UXFKILUVWSURSRVHGDOLQNEHWZHHQGLVRUGHUHGHDWLQJDQGIHDURIERWK
DEDQGRQPHQWE\DQGDXWRQRP\IURPVLJQLILFDQWRWKHUV,QKHUREVHUYDWLRQVRIKHUFOLQLFDO
SDWLHQWV¶VKHQRWHGWKDWLVVXHVZLWKFXUUHQWDQGSDVWLQWHUSHUVRQDOUHODWLRQVKLSVVHHPWREHD
NH\IDFWRULQSDWLHQWV¶H[SHULHQFHRIHDWLQJGLVRUGHUV6XEVHTXHQWO\WKHOLQNEHWZHHQ
GLVRUGHUHGHDWLQJDQGSUREOHPDWLFFORVHUHODWLRQVKLSVKDVJDLQHGJUHDWHUHPSLULFDODWWHQWLRQ
,QVRPHRIWKHHDUOLHVWZRUNOLQNLQJDWWDFKPHQWWRHDWLQJGLVRUGHUV$UPVWURQJDQG5RWK
DVVHVVHGZRPHQZKRKDGEHHQUHIHUUHGIRULQSDWLHQWHDWLQJGLVRUGHU('
WUHDWPHQWDQGIRXQGWKDWRIWKHPKDGDQ[LRXVO\DWWDFKHGUHODWLRQVKLSVDQGVXIIHUHGIURP


VHYHUHVHSDUDWLRQDQ[LHW\7KLVVWXG\KLJKOLJKWHGDWWDFKPHQWWKHRU\DVDUHOHYDQWWKHRUHWLFDO
IUDPHZRUNIRUH[DPLQLQJWKHDVVRFLDWLRQEHWZHHQHDWLQJGLVRUGHUVDQGLQWHUSHUVRQDO
LQVHFXULWLHV
$VDUHVXOWRIWKLVUHVHDUFKDWWDFKPHQWWKHRU\KDVHPHUJHGDVDYDOXDEOHIUDPHZRUN
IRUIXUWKHUXQGHUVWDQGLQJWKHSV\FKRORJLFDODQGSV\FKRVRFLDOYDULDEOHVLQYROYHGLQWKH
GHYHORSPHQWDQGPDLQWHQDQFHRIGLVRUGHUHGHDWLQJEHKDYLRXUV7RGDWHWZRUHYLHZVWXGLHV
KLJKOLJKWDVLJQLILFDQWDVVRFLDWLRQEHWZHHQDWWDFKPHQWLQVHFXULWLHVDQGHDWLQJSDWKRORJ\
2¶.HDUQH\:DUGHWDO+RZHYHUUHVHDUFKLQYHVWLJDWLQJDWWDFKPHQWDQGHDWLQJ
SDWKRORJ\KDVEHHQSODJXHGZLWKDQXPEHURILVVXHVWKDWKDVSUHYHQWHGDFOHDUDUWLFXODWLRQRI
WKLVDVVRFLDWLRQ
,QSDUWLFXODULWUHPDLQVXQFOHDUDVWRWKHUROHVSOD\HGE\XQGHUO\LQJDWWDFKPHQW
GLPHQVLRQVDQ[LHW\DQGDYRLGDQFHDQGZKHWKHUWKHVHDWWDFKPHQWGLPHQVLRQVDUH
GLIIHUHQWLDOO\UHODWHGWRWKHFDWHJRULFDOO\'60GHILQHGHDWLQJGLVRUGHUV)XUWKHUPRUHHYHQ
IHZHUDQVZHUVKDYHEHHQSURYLGHGDERXWKRZDWWDFKPHQWPD\EHUHODWHGWRVSHFLILF
GLVRUGHUHGHDWLQJEHKDYLRXUVVXFKDVELQJHHDWLQJZKLFKLVSUHYDOHQWWKURXJKRXWWKH
VSHFWUXPRI'60HDWLQJGLVRUGHUFDWHJRULHV
'HVSLWHWKHVHOLPLWDWLRQVUHVHDUFKHIIRUWVKDYHSURGXFHGYDOXDEOHLQVLJKWVLQWRWKH
DVVRFLDWLRQEHWZHHQDWWDFKPHQWDQGHDWLQJSDWKRORJ\DQGDSUHVHQWDWLRQRIWKHDYDLODEOH
ILQGLQJVDUHGLVFXVVHGLQWKLVFKDSWHU:KLOVWVHYHUDOVWXGLHVKLJKOLJKWSRVVLEOHOLQNVEHWZHHQ
DWWDFKPHQWDQGELQJHHDWLQJWKHUHH[LVWIHZVWXGLHVWKDWKDYHV\VWHPDWLFDOO\H[DPLQHGWKLV
DVVRFLDWLRQ'HVSLWHWKLVVRPHVWXGLHVKDYHLGHQWLILHGDWWDFKPHQWLQDPRQJVWRWKHU
SV\FKRVRFLDOULVNIDFWRUVLQWKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJHHDWLQJ,QWKH
IROORZLQJVHFWLRQUHVHDUFKOLQNLQJDWWDFKPHQWDQGHDWLQJGLVRUGHUVLVUHYLHZHGILUVWIROORZHG
E\VSHFLILFDWWHQWLRQJLYHQWRH[DPLQLQJWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDQGELQJHHDWLQJ



 5HVHDUFKRQ$WWDFKPHQW(DWLQJ'LVRUGHUVDQG'LVRUGHUHG(DWLQJ
6LQFH%UXFKILUVWPDGHWKHOLQNEHWZHHQDWWDFKPHQWDQGHDWLQJGLVRUGHUV
UHVHDUFKKDVFRQVLVWHQWO\GHPRQVWUDWHGWKDWZRPHQZKRH[SHULHQFHGLVRUGHUHGHDWLQJ
EHKDYLRXUVUHSRUWJUHDWHUDWWDFKPHQWLQVHFXULWLHVWKDQZRPHQZKRGRQRWH[SHULHQFHHDWLQJ
SDWKRORJ\*XW]ZLOOHU2OLYHU	.DW].HQQ\	+DUW2U]ROHN.URQQHU
7RLOOXVWUDWH&KDVVOHUFRPSDUHGZRPHQZKRZHUHGLDJQRVHGZLWKHLWKHU$1RU%1WR
DQRQPDWFKHGFRQWUROJURXSRIZRPHQZLWKRXWDQHDWLQJGLVRUGHU)LQGLQJVUHYHDOHGWKDW
ZRPHQZLWK$1RU%1VFRUHGKLJKHURQLQVHFXUHDWWDFKPHQWDQGORZHURQVHFXUHDWWDFKPHQW
FRPSDUHGWRWKHFRQWUROJURXS±DILQGLQJFRQVLVWHQWZLWK.HQQ\DQG+DUWDQG
2U]ROHN.URQQHU6LPLODUO\DUHFHQWVWXG\E\,OOLQJ7DVFD%DOIRXUDQG%LVVDGD
IRXQGWKDWZRPHQVHHNLQJWUHDWPHQWIRUDQHDWLQJGLVRUGHUVFRUHGVLJQLILFDQWO\KLJKHU
RQDWWDFKPHQWLQVHFXULW\FRPSDUHGWRDFRPSDULVRQJURXSRIQRQHDWLQJGLVRUGHUHGZRPHQ
,QWHUPVRIWKHVSHFLILFGLPHQVLRQVXQGHUO\LQJDWWDFKPHQWVW\OH:DUG5DPVH\7XUQEXOO
%HQHGHWWLQLDQG7UHDVXUHDQG2¶.HDUQH\IRXQGWKDWLQGLYLGXDOVZLWKHDWLQJ
GLVRUGHUVVFRUHGKLJKHUWKDQDFRPSDULVRQJURXSRQDWWDFKPHQWDQ[LHW\DQGDWWDFKPHQW
DYRLGDQFH+RZHYHUQRGLIIHUHQFHVZHUHIRXQGLQDWWDFKPHQWDQ[LHW\DQGDYRLGDQFH
DPRQJVWGLIIHUHQWW\SHVRIHDWLQJGLVRUGHUV
7KHJHQHUDOWUHQGWKDWHDWLQJSDWKRORJ\LVDVVRFLDWHGZLWKDWWDFKPHQWLQVHFXULW\LVQRW
RQO\FRQILQHGWRFOLQLFDOVDPSOHV5HVHDUFKLQGLFDWHVWKDWDWWDFKPHQWDQ[LHW\DQGDYRLGDQFH
DUHDVVRFLDWHGZLWKPRUHVHYHUHHDWLQJGLVRUGHUV\PSWRPVDQGLQFUHDVHGFRQFHUQDERXWERG\
VKDSHDQGZHLJKWLQERWKFRPPXQLW\DQGXQLYHUVLW\VDPSOHVRIZRPHQ%UHQQDQ	6KDYHU
(YDQV	:HUWKHLP6DO]PDQ6KDUSHHWDO$VDFDVHLQSRLQW
*XW]ZLOOHU2OLYHUDQG.DW]IRXQGWKDWFROOHJHDJHZRPHQZKRUHSRUWHGHDWLQJ
GLVRUGHUV\PSWRPDWRORJ\DOVRUHSRUWHGKLJKHUDWWDFKPHQWLQVHFXULW\FRPSDUHGWRZRPHQ
ZKRGLGQRWUHSRUWVXFKV\PSWRPV


)XUWKHUPRUHHYLGHQFHRIWKHQH[XVEHWZHHQHDWLQJSDWKRORJ\DQGDWWDFKPHQW
LQVHFXULW\KDVQRWEHHQFRQILQHGWRDJLYHQFRXQWU\5DWKHUUHVHDUFKFRQGXFWHGDFURVV
VHYHUDOFRXQWULHV(QJODQG,VUDHO,WDO\6ZHGHQWKH8QLWHG6WDWHVDQGXVLQJGLIIHUHQW
DWWDFKPHQWPHDVXUHV\LHOGVILQGLQJVWKDWGHPRQVWUDWHLQGLYLGXDOVZKRUHSRUWDQHDWLQJ
GLVRUGHUDOVRUHSRUWDWWDFKPHQWLQVHFXULW\HJ$GPRQL%UREHUJ+MDOPHV	
1HYRQHQ)ULHGEHUJ	/\GGRQ+RFKGRUI/DW]HU&DQHWWL	%DFKDU
/DW]HU+RFKGRUI%DFKDU	&DQHWWL0DOOLQFNURGW0F&UHDU\	5REHUWVRQ
7URLVL0DVVDURQL	&X]]RODUR
:KLOVWWKHOLQNEHWZHHQLQVHFXUHDWWDFKPHQWDQGHDWLQJSDWKRORJ\KDVEHHQ
HVWDEOLVKHGDQXPEHURIVWXGLHVOLQNLQJDWWDFKPHQWDQGHDWLQJSDWKRORJ\KDYHIDLOHGWR
GHOLQHDWHWKHLUUHVXOWVLQWHUPVRIWKHXQGHUO\LQJGLPHQVLRQVRIDWWDFKPHQW±QDPHO\
DWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFH5DWKHUVRPHUHVHDUFKHUVKDYHFRQFHSWXDOLVHG
DWWDFKPHQWLQWHUPVRIVHFXUHRULQVHFXUHDWWDFKPHQWZKLOVWRWKHUVUHSRUWPHDVXULQJ
DWWDFKPHQWZKHQLQIDFWSDUHQWDOERQGLQJKDVEHHQDVVHVVHG)RULQVWDQFHLQH[DPLQLQJWKH
OLQNEHWZHHQDWWDFKPHQWDQGQHJDWLYHDIIHFWIRUZRPHQVHHNLQJWUHDWPHQWIRUDQHDWLQJ
GLVRUGHU7DVFDHWDOFRQFHSWXDOLVHGLQVHFXUHDWWDFKPHQWDVFRQVLVWLQJRIERWK
DWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFH)HUJXVRQDQG0F&DUWK\XVHG
WKHSDUHQWDOERQGLQJLQVWUXPHQW3%,DVDPHDVXUHRIDWWDFKPHQWWRPDNHFODLPVEHWZHHQ
DWWDFKPHQWDQGHDWLQJGLVRUGHUVGHVSLWHWKHIDFWWKDWWKH3%,GRHVQRWPHDVXUHDWWDFKPHQWEXW
UDWKHUSHUFHSWLRQVRISDUHQWLQJVW\OHV±QDPHO\WKHGHJUHHRISDUHQWDOFDUHDQG
RYHUSURWHFWLRQ7KXVVWXGLHVVXFKDVWKHH[DPSOHVDERYHREVFXUHDFOHDUXQGHUVWDQGLQJRI
ZKHWKHUWKHDWWDFKPHQWGLPHQVLRQVGLIIHUHQWLDOO\SUHGLFWRXWFRPHVDVVRFLDWHGZLWKHDWLQJ
GLVRUGHUV
+RZHYHUVWXGLHVWKDWKDYHGLIIHUHQWLDWHGEHWZHHQWKHWZRDWWDFKPHQWGLPHQVLRQV
KDYHSURGXFHGZLGHO\GLVSDUDWHILQGLQJV6RPHUHVHDUFKHUVDUJXHWKDWGLVRUGHUHGHDWLQJ


EHKDYLRXUVUHSUHVHQWGHDFWLYDWLQJVWUDWHJLHVXVHGE\DYRLGDQWO\DWWDFKHGLQGLYLGXDOVZKLFK
VHUYHWRVXSSUHVVDQGGLYHUWDWWHQWLRQIURPUHDORULPDJLQHGDWWDFKPHQWUHODWHGGLVWUHVVLH
IHHOLQJUHMHFWHG)RUH[DPSOH&ROH'HWNHDQG.REDNSURSRVHWKDWLQGLYLGXDOVH[HUW
FRQWURORYHUIRRGFRQVXPSWLRQDQGERG\ZHLJKWWRFRPSHQVDWHIRUWKHKHOSOHVVQHVVDQG
YXOQHUDELOLW\WKH\IHHOSHUWDLQLQJWRLQWHUSHUVRQDOUHODWLRQVKLSV2WKHUUHVHDUFKHUVDUJXHWKDW
GLVRUGHUHGHDWLQJEHKDYLRXUVUHSUHVHQWWKHK\SHUDFWLYDWLQJVWUDWHJLHVXVHGE\DQ[LRXVO\
DWWDFKHGLQGLYLGXDOVWRHLWKHUJDLQRUPDLQWDLQDWWHQWLRQORYHDQGDSSURYDOIURPDWWDFKPHQW
ILJXUHV2U]ROHN.URQQHU0RUHVSHFLILFDOO\2U]ROHN.URQQHUVXJJHVWVIRU
DQ[LRXVO\DWWDFKHGLQGLYLGXDOVHDWLQJGLVRUGHUVPD\PDQLIHVWDVDPHDQVWRSHUSHWXDWHDWKLQ
FKLOGOLNHERG\WRGHOD\WKHRQVHWRIDGXOWKRRGDQGWKHUHIRUHPDLQWDLQLQJDGHSHQGHQF\ZLWK
DWWDFKPHQWILJXUHV,QOLJKWRIWKHVHYLHZV0LNXOLQFHUDQG6KDYHUFRQFOXGHWKDWERWK
DYRLGDQWDQGDQ[LRXVDWWDFKPHQWUHODWHGEHKDYLRXUVDQGFRJQLWLRQVPD\FRQWULEXWHWRHDWLQJ
GLVRUGHUVGHSHQGLQJRQDSHUVRQ¶VSUHH[LVWLQJWHQGHQFLHVWRGHDFWLYDWHRUK\SHUDFWLYHWKH
DWWDFKPHQWV\VWHP7KHUHIRUHDQ[LRXVDQGDYRLGDQWLQGLYLGXDOVPD\ERWKGHYHORS
GLVRUGHUHGHDWLQJEHKDYLRXUVKRZHYHUWKHSDWKZD\VWKDWOHDGWRGLVRUGHUHGHDWLQJPD\GLIIHU
DVDIXQFWLRQRILQGLYLGXDOGLIIHUHQFHVLQDWWDFKPHQW
*LYHQWKDWDWWDFKPHQWWKHRU\LVUHJDUGHGDVDEURDGWKHRU\RIGLVWUHVVDQGHPRWLRQ
UHJXODWLRQUHFHQWUHVHDUFKKDVDWWHPSWHGWRGHOLQHDWHWKHSDWKZD\VWKDWOLQNDWWDFKPHQWVW\OH
WRGLVRUGHUHGHDWLQJWKURXJKYDULRXVFRSLQJDQGDIIHFWUHJXODWLRQVWUDWHJLHV)RULQVWDQFH
&DVWOHLQDVWXG\RI\RXQJDGXOWXQLYHUVLW\ZRPHQIRXQGWKDWERWKDWWDFKPHQWDQ[LHW\
DQGDWWDFKPHQWDYRLGDQFHZHUHQHJDWLYHO\DVVRFLDWHGZLWKWKHXVHRIDGDSWLYHFRSLQJ
VWUDWHJLHVHJDELOLW\WRGHDOZLWKVWUHVVIXOVLWXDWLRQVLQJHQHUDOZKLFKLQWXUQZDV
DVVRFLDWHGZLWKHDWLQJGLVRUGHUV\PSWRPDWRORJ\7DVFDHWDOLQDVDPSOHRIZRPHQ
VHHNLQJWUHDWPHQWIRUDQ('IRXQGWKDWDWWDFKPHQWZDVIRXQGWRKDYHGLUHFWHIIHFWVRQ
GLVRUGHUHGHDWLQJDVZHOODVLQGLUHFWHIIHFWVWKURXJKDIIHFWUHJXODWLRQVWUDWHJLHVWKDWDOLJQ


ZLWKWKHK\SHUDFWLYDWLRQDQGGHDFWLYDWLRQVWUDWHJLHVRIDQ[LRXVO\DWWDFKHGDQGDYRLGDQWO\
DWWDFKHGLQGLYLGXDOV6SHFLILFDOO\7DVFDHWDOIRXQGWKDWDWWDFKPHQWDYRLGDQFHZDV
IRXQGWREHERWKGLUHFWO\SRVLWLYHO\DVVRFLDWHGZLWKGLVRUGHUHGHDWLQJV\PSWRPVDQG
LQGLUHFWO\DVVRFLDWHGWKURXJKHPRWLRQDOGHDFWLYDWLRQ±DQDIIHFWUHJXODWLRQVWUDWHJ\WKDWDOLJQV
ZLWKWKHGHDFWLYDWLRQWHQGHQFLHVRIDYRLGDQWLQGLYLGXDOV,QFRQWUDVWDWWDFKPHQWDQ[LHW\ZDV
LQGLUHFWO\DVVRFLDWHGZLWKGLVRUGHUHGHDWLQJV\PSWRPVWKURXJKHPRWLRQDOUHDFWLYLW\±D
VWUDWHJ\FRQVLVWLQJRIHPRWLRQDOIORRGLQJHPRWLRQDOODELOLW\DQGK\SHUVHQVLWLYLW\±DVWUDWHJ\
WKDWVKDUHVPXFKZLWKWKHK\SHUDFWLYDWLRQWHQGHQFLHVRIDQ[LRXVO\DWWDFKHGLQGLYLGXDOV

 $WWDFKPHQWDQG'LHWDU\5HVWUDLQW
$VPDOOJURXSRIVWXGLHVKDVDOVRH[DPLQHGWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDQG
GLHWDU\UHVWUDLQWDVDQRWKHUIDFWRUWKDWPD\LPSDFWRQHDWLQJGLVRUGHUVDQGDVVRFLDWHG
V\PSWRPDWRORJ\,QDVWXG\RIHDWLQJGLVRUGHUVWKDWLPSOHPHQWHGFOXVWHUDQDO\VLV7XUQHU
%U\DQW:DXJKDQG3HYHOHULGHQWLILHGDFOXVWHURILQGLYLGXDOVFKDUDFWHULVHGE\
DWWDFKPHQWDYRLGDQFHDQGKLJKOHYHOVRIGLHWDU\UHVWUDLQW,QDVWXG\H[DPLQLQJWKH
DVVRFLDWLRQVEHWZHHQDWWDFKPHQWDQG$1DQG%1&DQGHORULDQG&LRFFDIRXQGWKDW
DWWDFKPHQWDYRLGDQFHZDVDVVRFLDWHGZLWKGLHWDU\UHVWUDLQWEHKDYLRXUIRUWKRVHH[SHULHQFLQJ
$17KHILQGLQJVRI7XUQHUHWDODQG&DQGHORULDQG&LRFFDVXJJHVWD
SDUWLFXODUDVVRFLDWLRQEHWZHHQDWWDFKPHQWDYRLGDQFHDQGGLHWDU\UHVWUDLQWZKLFKDFFRUGLQJWR
0LNXOLQFHUDQG6KDYHUPD\UHSUHVHQWWKH³VXSSUHVVLYHQHHGGHQ\LQJQDWXUHRIGHDFWLYDWLQJ
VWUDWHJLHV´0LNXOLQFHU	6KDYHUSWKDWXQGHUSLQDWWDFKPHQWDYRLGDQFH
)XUWKHUPRUHGLHWDU\UHVWUDLQWPD\EHXVHGDVDGHDFWLYDWLQJVWUDWHJ\E\DYRLGDQWLQGLYLGXDOV
VXFKWKDWLWPDLQWDLQVWKHLUHYDOXDWLRQRIWKHVHOILQWHUPVRISHUVRQDODFKLHYHPHQWVDQG
DFFRPSOLVKPHQWVUDWKHUWKDQLQWHUPVRIWKHLUUHODWLRQVKLSVZLWKRWKHUV)HHQH\3HWHUVRQ	
1ROOHU5HVHDUFKHUVSURSRVHWKDWE\IRFXVLQJDWWHQWLRQRQERG\VKDSHDQGRQH¶VDELOLW\


WRFRQWUROGLHWDU\LQWDNHDQLQGLYLGXDOPD\DOVRDYRLGIRFXVLQJRQDYHUVLYHHPRWLRQV
)LW]JLEERQHWDO+HDWKHUWRQ	%DXPHLVWHUVXFKDVWKRVHDVVRFLDWHGZLWK
FXUUHQWDQGSDVWUHODWLRQVKLSVWKDWFRQVLVWHQWO\IDLOWRPHHWRQH¶VDWWDFKPHQWQHHGV,WPD\EH
DUJXHGWKDWGLHWDU\UHVWUDLQWLVXVHGE\DYRLGDQWLQGLYLGXDOVDVDPHDQVRIVXSSUHVVLQJRU
PLQLPLVLQJWKHH[SHULHQFHRIQHJDWLYHHPRWLRQVUHODWHGWRSDVWKXUWIXOUHODWLRQVKLS
H[SHULHQFHV
:KLOHWKHVWXGLHVUHYLHZHGDERYHVXJJHVWDQDVVRFLDWLRQEHWZHHQGLHWDU\UHVWUDLQWDQG
DWWDFKPHQWDYRLGDQFHDVWXG\E\7DVFDHWDOSURYLGHVHYLGHQFHWRVXJJHVWWKDW
DWWDFKPHQWDQ[LHW\PD\DOVREHDVVRFLDWHGZLWKGLHWDU\UHVWUDLQW,QWKHLUVWXG\RIZRPHQ
VHHNLQJWUHDWPHQWIRUDQHDWLQJGLVRUGHU7DVFDHWDOIRXQGWKDWERWKDWWDFKPHQWDQ[LHW\DQG
DWWDFKPHQWDYRLGDQFHZHUHSRVLWLYHO\DVVRFLDWHGZLWKGLHWDU\UHVWUDLQWWKRXJKQRUHDVRQZDV
SURYLGHGWRH[SODLQWKHUHODWLRQVKLSEHWZHHQDWWDFKPHQWDQ[LHW\DQGGLHWDU\UHVWUDLQW
1HYHUWKHOHVVSRVVLEOHSRVWKRFLQWHUSUHWDWLRQVRIWKLVILQGLQJLQWKHFRQWH[WRIUHODWHG
UHVHDUFKPD\SURYLGHLQVLJKWVLQWRWKLVDVVRFLDWLRQ$FFRUGLQJWR2U]ROHN.URQQHU
DQG&KHQJDQG0DOOLQFNURGWDWWDFKPHQWDQ[LHW\PD\EHDULVNIDFWRUIRUSHUSHWXDWLQJ
DWKLQFKLOGOLNHERG\WKURXJKEHKDYLRXUVVXFKDVGLHWDU\UHVWUDLQWWRGHOD\PDWXULW\DQG
DXWRQRP\DVDPHDQVRIPDLQWDLQLQJSUR[LPLW\DQGGHSHQGHQF\ZLWKDWWDFKPHQWILJXUHV
)XUWKHUPRUHGLHWDU\UHVWUDLQWPD\EHJHDUHGWRZDUGVDFKLHYLQJDWKLQLGHDOLQWKHKRSHWKDW
VXEVFULELQJWRWKHVRFLRFXOWXUDOSUHVVXUHVIRUWKLQQHVVZLOOLQFUHDVHWKHLUVHQVHRIDFFHSWDQFH
YDOLGDWLRQDQGLQFOXVLRQE\FORVHRWKHUVVXFKDVSDUHQWVSHHUVRUURPDQWLFSDUWQHUV
*UHHQZRRG	3LHWURPRQDFR7KHUHIRUHJLYHQWKDWWKHK\SHUDFWLYDWLQJVWUDWHJLHVRI
DQ[LRXVO\DWWDFKHGLQGLYLGXDOVDUHJHDUHGWRZDUGVLQWHQVLI\LQJDWWHPSWVWRJDLQDWWHQWLRQ
SUR[LPLW\DQGDSSURYDORIDWWDFKPHQWILJXUHVGLHWDU\UHVWUDLQWPD\UHSUHVHQWDPHDQVWRPHHW
WKHVHDWWDFKPHQWQHHGV



 $WWDFKPHQWDQG%LQJH(DWLQJ
'HVSLWHWKHIDFWWKDWQXPHURXVVWXGLHVKDYHH[DPLQHGWKHDVVRFLDWLRQEHWZHHQ
DWWDFKPHQWVW\OHDQGHDWLQJGLVRUGHUVDQGGLVRUGHUHGHDWLQJPRVWRIWKHVHVWXGLHVKDYHQRW
VSHFLILFDOO\H[DPLQHGELQJHHDWLQJSHUVHUDWKHUWKHIRFXVKDVEHHQRQVWXG\LQJHDWLQJ
GLVRUGHUVVXFKDV%1DQG$1)RUDUHYLHZVHH:DUGHWDO2IWKHIHZVWXGLHVPDQ\
RIWKHVHGRFWRUDOGLVVHUWDWLRQVWKDWKDYHH[DPLQHGWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDQG
ELQJHHDWLQJILQGLQJVVXJJHVWWKDWWKHUHH[LVWVDUHODWLRQVKLSEHWZHHQDWWDFKPHQWDQGELQJH
HDWLQJ'DYLV*LOEHUW+DQ3DFH&DFLRSSR	6FKLPPHQWL
6DOLJPDQ+RZHYHUDVZLWKUHVHDUFKLQYHVWLJDWLQJDWWDFKPHQWDQGHDWLQJGLVRUGHUV
DQGGLVRUGHUHGHDWLQJPRUHJHQHUDOO\VWXGLHVGLIIHULQWKHLUFRQFHSWXDOLVDWLRQDQG
RSHUDWLRQDOLVDWLRQRIDWWDFKPHQWVXFKWKDWWKHPDMRULW\RIVWXGLHVUHSRUWILQGLQJVLQWHUPVRI
VHFXUHDQGLQVHFXUHDWWDFKPHQWUDWKHUWKDQWKHSULPDU\GLPHQVLRQVRIDWWDFKPHQWLH
DWWDFKPHQWDQ[LHW\DQGDYRLGDQFH'HVSLWHWKHVHFRQFHSWXDODQGPHWKRGRORJLFDOGLIIHUHQFHV
VXPPDWLYHFRQFOXVLRQVFDQEHGUDZQIURPWKLVVPDOOERG\RIUHVHDUFKZKLFKLVUHYLHZHGLQ
WKHIROORZLQJSDUDJUDSKVRIWKLVVHFWLRQ
,QDVWXG\E\'DYLVLQYHVWLJDWLQJWKHSUHGLFWLYHHIIHFWVRIDWWDFKPHQWZHLJKW
IOXFWXDWLRQDQGGLVVRFLDWLYHVWDWHVRQELQJHHDWLQJLQDVDPSOHRIZRPHQDWWHQGLQJXQLYHUVLW\
LWZDVIRXQGWKDWVHFXUHDWWDFKPHQWZDVQHJDWLYHO\DVVRFLDWHGZLWKELQJHHDWLQJ
V\PSWRPDWRORJ\HYHQZKHQFRQWUROOLQJIRUSDUWLFLSDQWVUHSRUWVRIZHLJKWIOXFWXDWLRQDQG
GLVVRFLDWLRQ±DILQGLQJUHSOLFDWHGE\6DOLJPDQ,QDUHFHQWVWXG\3DFHHWDO
IRXQGWKDWDWWDFKPHQWVHFXULW\ZDVQHJDWLYHO\DVVRFLDWHGZLWKELQJHHDWLQJV\PSWRPVZKLOH
SUHRFFXSLHGDWWDFKPHQWDVXEW\SHRIDWWDFKPHQWDQ[LHW\ZDVSRVLWLYHO\DVVRFLDWHGZLWK
ELQJHHDWLQJV\PSWRPVEXWRQO\IRUWKRVHZKRDOVRUHSRUWHGORZSDWHUQDOFDUHDVPHDVXUHG
E\WKH3%,6XOGRDQG6DQGEHUJDOVRIRXQGDWWDFKPHQWDQ[LHW\WREHVLJQLILFDQWO\DQG
SRVLWLYHO\FRUUHODWHGZLWKELQJHHDWLQJDPRQJVWIHPDOHV


,QDGGLWLRQWRH[DPLQLQJWKHGLUHFWHIIHFWVEHWZHHQDWWDFKPHQWDQGELQJHHDWLQJWZR
VWXGLHVKDYHDOVRLQYHVWLJDWHGWKHLQGLUHFWHIIHFWVRIDWWDFKPHQWWKURXJKYDULRXVLQWHUPHGLDWH
YDULDEOHV*LOEHUWIRXQGWKDWZKLOHDWWDFKPHQWDQ[LHW\DQGDYRLGDQFHZHUHSRVLWLYHO\
DVVRFLDWHGZLWKELQJHHDWLQJV\PSWRPVDWWDFKPHQWDQ[LHW\ZDVDOVRIRXQGWREHLQGLUHFWO\
DVVRFLDWHGZLWKELQJHHDWLQJWKURXJKLVVXHVRIERG\GLVWXUEDQFH)XUWKHUPRUHDWWDFKPHQW
DQ[LHW\DQGQHJDWLYHDIIHFWLYLW\ZHUHVWURQJO\SRVLWLYHO\DVVRFLDWHGLQWKHSUHGLFWLRQRIELQJH
HDWLQJVXJJHVWLQJWKDWDWOHDVWLQSDUWELQJHHDWLQJLVSUHGLFWHGE\WKHLQWHUGHSHQGHQW
FRYDULDWLRQEHWZHHQDWWDFKPHQWDQ[LHW\DQGQHJDWLYHDIIHFWLYLW\0RUHRYHULQWKLVVWXG\RI
ELQJHHDWLQJDWWDFKPHQWDQ[LHW\ZDVLQGLUHFWO\SRVLWLYHO\DVVRFLDWHGZLWKHPRWLRQDO
RYHUHDWLQJ
,QDODUJHVWXG\RIXQLYHUVLW\VWXGHQWV+DQLQYHVWLJDWHGZKHWKHUWKH
DVVRFLDWLRQEHWZHHQLQVHFXUHDWWDFKPHQWDQGELQJHHDWLQJZDVIXOO\PHGLDWHGE\HPRWLRQ
UHJXODWLRQDQGFRSLQJVWUDWHJLHV8VLQJVWUXFWXUDOHTXDWLRQPRGHOOLQJ+DQIRXQGWKDW
HPRWLRQUHJXODWLRQPHGLDWHGWKLVDVVRFLDWLRQVXFKWKDWLQVHFXUHDWWDFKPHQWZDVQHJDWLYHO\
DVVRFLDWHGZLWKHPRWLRQUHJXODWLRQZKLFKLQWXUQZDVDVVRFLDWHGZLWKELQJHHDWLQJ,Q
FRQWUDVWFRSLQJZDVQRWIRXQGWRPHGLDWHWKHDVVRFLDWLRQEHWZHHQLQVHFXUHDWWDFKPHQWDQG
ELQJHHDWLQJ+RZHYHUWKLVQRQVLJQLILFDQWILQGLQJPXVWEHLQWHUSUHWHGZLWKFDXWLRQDVERWK
DYRLGDQFHFRSLQJDQGSUREOHPVROYLQJVXEVFDOHVZHUHRSHUDWLRQDOLVHGDVORDGLQJRQWRD
ODWHQWYDULDEOHWHUPHGµFRSLQJ¶VXFKWKDWWZRKLJKO\GLVWLQFWFRSLQJVWUDWHJLHVZKLFKDUH
VFRUHGLQWKHRSSRVLWHGLUHFWLRQZHUHLQFOXGHGDVSDUWRIWKLVODWHQWYDULDEOH7KHUHIRUHWKLV
QRQVLJQLILFDQWILQGLQJPD\EHWKHUHVXOWRIPHDVXUHPHQWFRQIODWLRQDVSDUWRIWKH
FRQVWUXFWLRQRIWKLVODWHQWYDULDEOH
2IWKHVWXGLHVLQYHVWLJDWLQJWKHGLUHFWDQGLQGLUHFWHIIHFWVEHWZHHQDWWDFKPHQWDQG
ELQJHHDWLQJRQO\RQHVWXG\IDLOHGWRILQGDQDVVRFLDWLRQEHWZHHQWKHVHYDULDEOHV$VWXG\E\
'RPLQJRLQYROYLQJDVDPSOHRIFOLQLFDOO\REHVHDGXOWVVHHNLQJEDULDWULFVXUJHU\IRXQG


WKDWDWWDFKPHQWFODVVLILFDWLRQLHVHFXUHDWWDFKPHQWRULQVHFXUHDWWDFKPHQWZDVQRW
DVVRFLDWHGZLWKREHVHDGXOWV¶GLDJQRVLVRIELQJHHDWLQJGLVRUGHU+RZHYHU'RPLQJRIRXQG
WKDWLQVHFXUHO\DWWDFKHGLQGLYLGXDOVUHSRUWHGVLJQLILFDQWO\KLJKHUHPRWLRQDOHDWLQJWKDQ
VHFXUHO\DWWDFKHGLQGLYLGXDOV
,QVXPPDU\ZKLOHIHZVWXGLHVH[LVWLQWKHDUHDRIDWWDFKPHQWDQGELQJHHDWLQJDOOEXW
RQHVWXG\LH'RPLQJRKDVIRXQGDWWDFKPHQWWREHDVVRFLDWHGZLWKELQJHHDWLQJ±
HLWKHUGLUHFWO\RULQGLUHFWO\2IVSHFLILFLQWHUHVWWRWKLVWKHVLVFRSLQJVWUDWHJLHVDIIHFW
UHJXODWLRQDQGHPRWLRQDORYHUHDWLQJKDYHHPHUJHGDVYDULDEOHVWKDWPD\FRQWULEXWHWR
XQGHUVWDQGLQJWKHSDWKZD\VUHJDUGLQJKRZDWWDFKPHQWDQ[LHW\DQGDYRLGDQFHDUHDVVRFLDWHG
ZLWKELQJHHDWLQJ

 ([SORULQJWKH5ROHRI)RRGLQ)XOILOOLQJ$WWDFKPHQW)XQFWLRQV
 7KHLGHDWKDWIRRGPD\EHXVHGWRVHOIVRRWKHDQGFDOPQHJDWLYHHPRWLRQVLVLQKHUHQW
LQSRSXODUWHUPLQRORJ\OLNHµFRPIRUWIRRG¶DQG
HPRWLRQDOHDWLQJ
5RWK0RUHRYHU
SHRSOHZKRELQJHHDWRIWHQUHIHUWRWKHLUµUHODWLRQVKLS¶ZLWKIRRGDQGGHVFULEHIRRGDVD
µFRPIRUWLQJIULHQGZKRLVDOZD\VWKHUHIRUWKHP¶ZKHQWKH\EHFRPHGLVWUHVVHG5RWK
*LYHQWKHILQGLQJVUHYLHZHGLQ6HFWLRQVXJJHVWLQJWKDWDWWDFKPHQWLQVHFXULW\LVKLJKHULQ
SHRSOHZKRH[SHULHQFHELQJHHDWLQJFRPSDUHGWRWKRVHZKRGRQRWLWLVSRVVLEOHWKDWIRRG
PD\VHUYHDWWDFKPHQWIXQFWLRQVIRUSHRSOHZKRDUHUHOXFWDQWWRWXUQWRLQHSWDQGUHMHFWLQJ
DWWDFKPHQWILJXUHVIRUWKHIXOILOPHQWRIDWWDFKPHQWQHHGV7KHUHIRUHIRUSHRSOHZKR
H[SHULHQFHELQJHHDWLQJIRRGPD\KROGVSHFLDOVWDWXVLQWKDWLWLVXVHGDVDPHDQVWRDFKLHYH
VDIHW\DQGFRPIRUW7KXVLWVWDQGVWRUHDVRQWKDWIRUSHRSOHZKRELQJHHDWDQGH[SHULHQFH
DWWDFKPHQWLQVHFXULW\IRRGPD\ILJXUHLQWKHLUDWWDFKPHQWKLHUDUFK\
7RH[SDQGRQWKLVQRWLRQUHVHDUFKLQWRDWWDFKPHQWKLHUDUFKLHVGLVFXVVHGLQ6HFWLRQ
VXJJHVWVWKDWLQVHFXUHO\DWWDFKHGLQGLYLGXDOVERWKDQ[LRXVDQGDYRLGDQWKDYHIHZHU


SHRSOHLQWKHLUDWWDFKPHQWQHWZRUNVWKDQVHFXUHLQGLYLGXDOV5RZH	&DUQHOOH\
)XUWKHUPRUHLQVHFXUHLQGLYLGXDOVUHSRUWDKLJKHUQXPEHURIUHODWLRQVKLSVWKDWVHUYHRQO\RQH
RUWZRRIWKHWKUHHDWWDFKPHQWIXQFWLRQVLHSUR[LPLW\VHHNLQJVDIHKDYHQDQGVHFXUH
EDVH)RULQVWDQFHDQDWWDFKPHQWILJXUHZKRVHUYHVWKHSUR[LPLW\VHHNLQJIXQFWLRQIRUDQ
LQVHFXUHO\DWWDFKHGLQGLYLGXDOPD\IDLOWRDVVXDJHGLVWUHVVDQGSURYLGHDVHQVHRIFRPIRUW
DQGVDIHW\5RZH	&DUQHOOH\7KHUHIRUHLQGLYLGXDOVKLJKRQDWWDFKPHQWDQ[LHW\
DQGRUDYRLGDQFHPD\VHHNDOWHUQDWLYHZD\VRIIXOILOOLQJXQPHWDWWDFKPHQWQHHGV
6SHFLILFDOO\IRUDQ[LRXVDQGRUDYRLGDQWLQGLYLGXDOVZKRKDYHIHZHUDWWDFKPHQWILJXUHVDQG
YLHZRWKHUVDVXQUHOLDEOHDQGRUXQZLOOLQJWRSURYLGHVXSSRUWDQGFRPIRUWZKHQFDOOHGXSRQ
IRRGPD\EHYLHZHGDVDPRUHUHOLDEOHDQGDFFHVVLEOHVRXUFHRIFRPIRUW
$GGLWLRQDOO\ZKHQWKHFDXVHRIGLVWUHVVLVVRPHWKLQJDQLQGLYLGXDOFRQVLGHUV
HPEDUUDVVLQJRUVKDPHIXOWKH\PD\SUHIHUWRWXUQWRIRRGIRUFRPIRUWUDWKHUWKDQULVNKDYLQJ
WRGLYXOJHVHQVLWLYHLQIRUPDWLRQWRDQDWWDFKPHQWILJXUH)RUH[DPSOHLQWKHFDVHRI
H[SHULHQFLQJVLWXDWLRQVVXFKDVLQWHUSHUVRQDOWUDXPDVHJVH[XDODEXVHWXUQLQJWRIRRGIRU
FRPIRUWPD\EHDSUHIHUDEOHRSWLRQFRPSDUHGWRHQJDJLQJLQXQFRPIRUWDEOHGLVFXVVLRQV
DERXWWKHLUHPRWLRQDOSDLQZLWKDQDWWDFKPHQWILJXUH7KXVWXUQLQJWRIRRGWRIXOILO
DWWDFKPHQWIXQFWLRQVUDWKHUWKDQDQDWWDFKPHQWILJXUHPD\EHSUHIHUUHGLQVXFKLQVWDQFHV
,QYHVWLJDWLRQRIWKHFODLPWKDWIRRGPD\VHUYHDWWDFKPHQWIXQFWLRQVUHTXLUHVWKH
HVWDEOLVKPHQWDQGYDOLGDWLRQRIFULWHULDIRUZKDWFRQVWLWXWHVDQDWWDFKPHQWERQGDQGZKHQD
UHODWLRQVKLSZLWKDSDUWQHURUREMHFWFDQEHFDOOHGDQDWWDFKPHQWUHODWLRQVKLS$V.REDN
VWDWHVDWWDFKPHQWUHVHDUFKHUVKDYHQRWHQWLUHO\VHWWOHGRQFULWHULDIRUGHILQLQJ
DWWDFKPHQWERQGVDFURVVWKHOLIHVSDQQRUKDYHWKH\GHYHORSHGDYDOLGDWHGVHWRIPHDVXUHVIRU
DVVHVVLQJUHODWLRQVKLSVVXFKDVDWWDFKPHQWERQGV:KLOVWWKHLGHDWKDWIRRGPD\VHUYH
DWWDFKPHQWIXQFWLRQVLV\HWWREHHPSLULFDOO\LQYHVWLJDWHGSUHOLPLQDU\LQVLJKWVPD\EHJDLQHG
IURPVWXGLHVWKDWKDYHH[DPLQHGDGXOWV¶DWWDFKPHQWUHODWLRQVKLSVZLWKKXPDQVXEVWLWXWHV


VXFKDVSHWGRJV$V.XUGHNKLJKOLJKWVSHWGRJVKDYHLQKHUHQWFRJQLWLYHYHUEDODQG
EHKDYLRXUDOOLPLWDWLRQVLQDFWLYHO\UHPRYLQJVRXUFHVRIGLVWUHVVOLPLWDWLRQVZKLFKREYLRXVO\
DOVRH[WHQGWRIRRG3UHOLPLQDU\VWXGLHVIDLOHGWRSURYLGHFRPSHOOLQJHYLGHQFHWKDW
DWWDFKPHQWERQGVH[LVWEHWZHHQSHWGRJVDQGWKHLURZQHUVUDWKHUVXJJHVWLQJWKHERQGZDV
PRUHDSSURSULDWHO\FODVVLILHGDVDERQGRIDIIHFWLRQDQGFRPSDQLRQVKLS%RQDV0F1LFKRODV
	&ROOLQV.XUGHN
+RZHYHUDIROORZXSVWXG\E\.XUGHNIRXQGWKDWSHWGRJVDUHXVHGWRIXOILO
WKHDWWDFKPHQWQHHGVIRURZQHUV,QDQLQWHUQHWEDVHGVDPSOHRIDGXOWVZKROLYHGIXOOWLPH
ZLWKSHWGRJV.XUGHNDVVHVVHGWKHOLNHOLKRRGWKDWSDUWLFLSDQWVXVHSHWGRJVWRIXOILO
DWWDFKPHQWIXQFWLRQVUHODWLYHWRHDFKRIWKHPDLQFDWHJRULHVRIKXPDQDWWDFKPHQWILJXUHV
XVHGLQSDVWVWXGLHVRQDGXOWDWWDFKPHQWKLHUDUFKLHVHJSDUHQWVVLEOLQJVEHVWIULHQGV
URPDQWLFSDUWQHUV'RKHUW\	)HHQH\7KHUHVXOWVVKRZHGWKDWRIWKHVDPSOH
JDYHGRJVWKHKLJKHVWUDWLQJVIRUDOOWKUHHDWWDFKPHQWIXQFWLRQVSUR[LPLW\VHHNLQJVHFXUH
EDVHDQGVDIHKDYHQFRPSDUHGZLWKRQO\RI.XUGHN¶VSUHYLRXVVWXG\XVLQJD
XQLYHUVLW\VDPSOH
&RPPHQWLQJRQ.XUGHN
VVWXG\.REDNKLJKOLJKWHGWKDWPHDVXUHVRI
DWWDFKPHQWKLHUDUFKLHVIDLOWRWDNHLQWRDFFRXQWWKHIDFWWKDWZKRDQLQGLYLGXDOWXUQVWRIRU
DWWDFKPHQWIXQFWLRQVPD\EHVWURQJO\LQIOXHQFHGE\SK\VLFDOSUR[LPLW\UDWKHUWKDQE\
VHOHFWLYHSUHIHUHQFHIRUDQDWWDFKPHQWILJXUH+HDUJXHVWKDWWKHILQGLQJWKDWDWWDFKPHQW
ERQGVH[LVWEHWZHHQGRJVDQGWKHLURZQHUVLVGXHWRWKHDFFHVVLELOLW\RIGRJVDVRSSRVHGWR
SHRSOH$FFRUGLQJWR.REDNWKLVDFFHVVLELOLW\\LHOGVDSUHIHUHQFHIRUGRJVDVDVRXUFHRI
FRPIRUW6LPLODUO\IRRGPD\EHYLHZHGDVDPRUHDFFHVVLEOHIRUPRIFRPIRUWIRULQGLYLGXDOV
ZKRKDYHOLPLWHGDFFHVVWRDWWDFKPHQWILJXUHV
,QVXPPDU\ZKLOHLWFDQEHDUJXHGWKDWKXPDQVDUHWKHRQO\REMHFWVWKDWFDQIXOILO
DWWDFKPHQWIXQFWLRQVIRUDSHUVRQH[SHULHQFLQJGLVWUHVVGXHWRKXPDQV¶DELOLW\WRHQJDJHLQ


JRDOGLUHFWHGEHKDYLRXULWLVDUJXHGWKDWIRUSHRSOHZKRH[SHULHQFHELQJHHDWLQJIRRGDFWVDV
DSUR[\IRUXQDYDLODEOHUHMHFWLQJRULQVHQVLWLYHDWWDFKPHQWILJXUHV$VDUHVXOWLQGLYLGXDOV
WXUQWRIRRGWRIXOILODWWDFKPHQWIXQFWLRQVSRVVLEO\OHIWXQIXOILOOHGRUSHUFHLYHGWREHOHIW
XQIXOILOOHGE\DWWDFKPHQWILJXUHV+RZHYHUWKLVDUJXPHQWGRHVQRWLPSO\WKDWIRRGPD\
IXOILODOODWWDFKPHQWIXQFWLRQV)RULQVWDQFHWKHIXQFWLRQRIVHFXUHEDVHLVDIXQFWLRQWKDWFDQ
PRVWOLNHO\RQO\EHIXOILOOHGE\DQDWWDFKPHQWILJXUHDVWKLVIXQFWLRQUHTXLUHVWKDWDQ
LQGLYLGXDOGUDZVVWUHQJWKDQGFRQILGHQFHIURPDVXSSRUWLYHDQGHQFRXUDJLQJRWKHU+RZHYHU
LWLVSODXVLEOHWKDWIRRGIRUVRPHLQGLYLGXDOVPD\IXOILOIXQFWLRQVVXFKDVSUR[LPLW\VHHNLQJ
DQGVDIHKDYHQ7KDWLVSHRSOHPD\WXUQWRIRRGZKHQILUVWH[SHULHQFLQJGLVWUHVVDQGZKHQ
WKH\UHTXLUHFRPIRUW)XUWKHUPRUHLWLVQRWVXJJHVWHGWKDWIRRGZLOOQHFHVVDULO\RXWUDQN
SULPDU\DWWDFKPHQWILJXUHVVXFKDVSDUHQWVDQGURPDQWLFSDUWQHUVEXWWKDWLWLVOLNHO\WRKROG
DSODFHLQWKHDWWDFKPHQWKLHUDUFK\RISHRSOHZKRH[SHULHQFHELQJHHDWLQJ6LPLODUO\WRSHW
GRJVIRRGPD\IXOILODWWDFKPHQWIXQFWLRQVGXHWRWKHDFFHVVLELOLW\DQGSK\VLFDOSUR[LPLW\RI
IRRGLQWLPHVRIGLVWUHVV

 5HVHDUFK$LPV5HVHDUFK4XHVWLRQVDQG+\SRWKHVHV
,QWKLVWKHVLVLWLVSURSRVHGWKDWH[DPLQLQJELQJHHDWLQJIURPDQDWWDFKPHQWWKHRU\
SHUVSHFWLYHFDQRIIHULPSRUWDQWLQVLJKWVLQWRWKHSDWKZD\VWKDWFRQWULEXWHWRELQJHHDWLQJ
'UDZLQJRQWKHUHVHDUFKUHYLHZHGLQ&KDSWHUVDQGDQGLQ6HFWLRQRIWKLVFKDSWHUWKH
ILUVWPDMRUDLPRIWKLVWKHVLVLVWRH[DPLQHWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDQGELQJH
HDWLQJWKURXJKWKHYDULRXVFRSLQJDQGUHJXODWRU\VWUDWHJLHVDQGDIIHFWLYHIDFWRUVVWXGLHGLQWKH
ELQJHHDWLQJOLWHUDWXUHZLWKHPSLULFDORUVWURQJWKHRUHWLFDOOLQNVWRDWWDFKPHQWVW\OH7KHVH
DGGLWLRQDOUHJXODWRU\IDFWRUVLQFOXGHHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQWKH
H[SHULHQFHRIQHJDWLYHDQGSRVLWLYHDIIHFWDQGGLHWDU\UHVWUDLQW7KHSURSRVHGDVVRFLDWLRQV


DPRQJVWWKHVHYDULDEOHVDUHSUHVHQWHGLQDK\SRWKHVLVHGPRGHOZKLFKLVLOOXVWUDWHGLQ)LJXUH

%DVHGRQWKHVLJQLILFDQWERG\RIUHVHDUFKOLQNLQJDWWDFKPHQWWRFRSLQJVWUDWHJLHV
UHYLHZHGLQ6HFWLRQHJ0LNXOLQFHU	)ORULDQ0LNXOLQFHU	6KDYHULWLV
SURSRVHGWKDWDWWDFKPHQWDQ[LHW\DQGDYRLGDQFHZLOOEHGLUHFWO\DVVRFLDWHGZLWKWKHWKUHH
EURDGFRSLQJVWUDWHJLHVDVFRQFHSWXDOLVHGDQGLGHQWLILHGE\DWWDFKPHQWUHVHDUFKHUVHJ
.DUDQW]DV.DUDQW]DV	%DOH:HLHWDO±QDPHO\FRQVWUXFWLYHFRSLQJ
HPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJDQGHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJ
)XUWKHUPRUHDWWDFKPHQWDQ[LHW\DQGDYRLGDQFHDUHSURSRVHGWRKDYHGLUHFWHIIHFWVRQ
HPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQWKHH[SHULHQFHRISRVLWLYHDQGQHJDWLYHDIIHFW
DQGGLHWDU\UHVWUDLQWDVZHOODVLQGLUHFWHIIHFWVWKURXJKWKHWKUHHFRSLQJVWUDWHJLHV7KHGLUHFW
DVVRFLDWLRQVEHWZHHQWKHDWWDFKPHQWGLPHQVLRQVDQGWKHDIRUHPHQWLRQHGUHJXODWRU\DQG
DIIHFWLYHIDFWRUVLOOXVWUDWHGLQ)LJXUHUHSUHVHQWWKHFRQVLVWHQWGLUHFWDVVRFLDWLRQIRXQG
EHWZHHQDWWDFKPHQWDQ[LHW\DQGDYRLGDQFHLQWHUPVRILQVHFXUHO\DWWDFKHGLQGLYLGXDOV¶
GLIILFXOWLHVWRUHJXODWHHPRWLRQVHJ0LNXOLQFHU	)ORULDQDQGWHQGHQFLHVWR
H[SHULHQFHPRUHQHJDWLYHWKDQSRVLWLYHHPRWLRQVHJ&ROH'HWNH	.REDN
0LNXOLQFHUHWDOGLVFXVVHGLQ6HFWLRQDQGWKHHPHUJLQJUHVHDUFKVXJJHVWLQJWKDW
ERWKIRUPVRIDWWDFKPHQWLQVHFXULW\PD\EHDVVRFLDWHGZLWKHPRWLRQDORYHUHDWLQJ*LOEHUW
DQGGLHWDU\UHVWUDLQW7DVFDHWDOGLVFXVVHGLQ6HFWLRQ7KHUROHRIWKH
FRSLQJVWUDWHJLHVDVLQWHUPHGLDWHYDULDEOHVDFURVVWKHVHDVVRFLDWLRQVUHIOHFWVPDQLIHVWDWLRQVRI
WKHK\SHUDFWLYDWLQJDQGGHDFWLYDWLQJVWUDWHJLHVDORQJZLWKFRQVWUXFWLYHFRSLQJWHQGHQFLHV
WKDWDUHHPSLULFDOO\DQGWKHRUHWLFDOO\OLQNHGZLWKDWWDFKPHQWDQ[LHW\DQGDYRLGDQFH$VD
UHVXOWWKHLQFOXVLRQRIWKHFRSLQJVWUDWHJLHVDVLQWHUPHGLDWHYDULDEOHVSURYLGHVDK\SRWKHVLVHG
H[SODQDWRU\SURFHVVWKURXJKZKLFKDWWDFKPHQWLVDVVRFLDWHGZLWKNH\UHJXODWRU\DQGDIIHFWLYH
SURFHVVHVLQWKHELQJHHDWLQJOLWHUDWXUH)XUWKHUPRUHWKHLQFOXVLRQRIFRSLQJUHIOHFWVWKH


HPSLULFDODQGWKHRUHWLFDODWWHQWLRQJLYHQWRFRSLQJZLWKLQWKHELQJHHDWLQJOLWHUDWXUHDV
GLVFXVVHGLQ6HFWLRQ
)LQDOO\WKHGLUHFWDVVRFLDWLRQVEHWZHHQHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQ
WKHH[SHULHQFHRISRVLWLYHDQGQHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQWZLWKELQJHHDWLQJUHSUHVHQW
WKHZHOOHVWDEOLVKHGDVVRFLDWLRQVLQWKHELQJHHDWLQJDQGHDWLQJGLVRUGHUVOLWHUDWXUHVGLVFXVVHG
LQ6HFWLRQVDQGZLWKDQXPEHURIWKHVHDVVRFLDWLRQVLQFOXGHGLQZLGHO\UHVHDUFKHG
DIIHFWUHJXODWLRQDQGGLHWDU\UHVWUDLQWPRGHOVRIELQJHHDWLQJHJ3ROLY\HWDO6WLFH	
$JUDV
$VDVXPPDU\DQGEDVHGRQWKHPRGHOLOOXVWUDWHGLQ)LJXUHDVHULHVRIK\SRWKHVHV
DUHSURSRVHG6SHFLILFDOO\LWLVK\SRWKHVLVHGWKDW
D $WWDFKPHQWDQ[LHW\ZLOOEHQHJDWLYHO\DVVRFLDWHGZLWKFRQVWUXFWLYHFRSLQJDQG
SRVLWLYHDIIHFWSRVLWLYHO\DVVRFLDWHGZLWKHPRWLRQIRFXVHGK\SHUDFWLYDWLRQ
FRSLQJVWUDWHJLHVHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQQHJDWLYH
DIIHFWDQGGLHWDU\UHVWUDLQW
E $WWDFKPHQWDYRLGDQFHZLOOEHQHJDWLYHO\DVVRFLDWHGZLWKFRQVWUXFWLYHFRSLQJ
DQGSRVLWLYHDIIHFWDQGSRVLWLYHO\DVVRFLDWHGZLWKHPRWLRQIRFXVHG
GHDFWLYDWLRQFRSLQJVWUDWHJLHVHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQ
QHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQW
D &RQVWUXFWLYHFRSLQJZLOOEHQHJDWLYHO\DVVRFLDWHGZLWKHPRWLRQDORYHUHDWLQJ
HPRWLRQG\VUHJXODWLRQQHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQWDQGSRVLWLYHO\
DVVRFLDWHGZLWKSRVLWLYHDIIHFW
E (PRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJZLOOEHSRVLWLYHO\DVVRFLDWHGZLWK
HPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQQHJDWLYHDQGSRVLWLYHDIIHFWDQG
GLHWDU\UHVWUDLQW


F (PRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJZLOOEHSRVLWLYHO\DVVRFLDWHGZLWK
HPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQQHJDWLYHDIIHFWDQGGLHWDU\
UHVWUDLQWDQGQHJDWLYHO\DVVRFLDWHGZLWKSRVLWLYHDIIHFW
D (PRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQQHJDWLYHDIIHFWDQGGLHWDU\
UHVWUDLQWZLOOEHSRVLWLYHO\DVVRFLDWHGZLWKELQJHHDWLQJDQGSRVLWLYHDIIHFWZLOO
EHQHJDWLYHO\DVVRFLDWHGZLWKELQJHHDWLQJ
7KHOLWHUDWXUHLQWRDWWDFKPHQWDQGGLVRUGHUHGHDWLQJGLVFXVVHGLQ6HFWLRQKDV
FRQVLVWHQWO\IRXQGSHRSOHZKRH[SHULHQFHHDWLQJGLVRUGHUVH[SHULHQFHJUHDWHUDWWDFKPHQW
LQVHFXULW\WKDQLQGLYLGXDOVZLWKRXWDQHDWLQJGLVRUGHUHJ&KDVVOHU,OOLQJHWDO
+RZHYHUZKHWKHUWKHVHWUHQGVH[LVWIRUELQJHHDWLQJUHPDLQVXQFOHDU0RUHRYHULWLV
XQFOHDULIWKHDVVRFLDWLRQSURSRVHGLQ)LJXUHPD\GLIIHUIRUSHRSOHZKRH[SHULHQFH
PRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPDWRORJ\FRPSDUHGWRLQGLYLGXDOVZKRH[SHULHQFH
IHZLIDQ\V\PSWRPV
7RWKLVHQGWZRVXSSOHPHQWDU\UHVHDUFKTXHVWLRQVDUHSURSRVHGXQGHUWKHILUVWDLPRI
WKLVWKHVLV
D 'RLQGLYLGXDOVZKRUHSRUWPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPDWRORJ\
VFRUHKLJKHURQDWWDFKPHQWDQ[LHW\DQGDYRLGDQFHFRPSDUHGWRLQGLYLGXDOV
UHSRUWLQJOLWWOHLIDQ\ELQJHHDWLQJV\PSWRPV"
E 'RWKHDVVRFLDWLRQVSURSRVHGLQ)LJXUHEHWZHHQDWWDFKPHQWFRSLQJ
HPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQSRVLWLYHDQGQHJDWLYHDIIHFW
GLHWDU\UHVWUDLQWDQGELQJHHDWLQJGLIIHUIRULQGLYLGXDOVZKRUHSRUWPRGHUDWHWR
VHYHUHELQJHHDWLQJV\PSWRPDWRORJ\FRPSDUHGWRLQGLYLGXDOVUHSRUWLQJOLWWOHLI
DQ\ELQJHHDWLQJV\PSWRPV"



7KHVHFRQGPDMRUDLPRIWKLVWKHVLVLVWRLQYHVWLJDWHWKHH[WHQWWRZKLFKIRRGIXOILOV
DWWDFKPHQWIXQFWLRQVFRPSDUHGWRGLIIHUHQWW\SHVRIFORVHUHODWLRQVKLSV±QDPHO\IDPLOLDO
URPDQWLFDQGSHHUUHODWLRQV*LYHQWKHH[SORUDWRU\QDWXUHRIWKHVHFRQGDLPDVQRUHVHDUFK
WRGDWHKDVH[DPLQHGWKHUROHRIIRRGLQDWWDFKPHQWKLHUDUFKLHVWKUHHUHVHDUFKTXHVWLRQVDUH
SURSRVHG7KHVHUHVHDUFKTXHVWLRQVDUH
D 'RHVIRRGIXOILODWWDFKPHQWQHHGVDQGGRHVWKLVGLIIHUIRUSHRSOHZKRUHSRUW
PRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPVFRPSDUHGWRSHRSOHZKRUHSRUW
OLWWOHWRQRV\PSWRPV"
E :KHUHLQWKHDWWDFKPHQWKLHUDUFK\LVIRRGSRVLWLRQHGDQGGRHVWKLVGLIIHUIRU
SHRSOHZKRUHSRUWPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPVFRPSDUHGWR
SHRSOHZKRUHSRUWOLWWOHWRQRV\PSWRPV"
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0HWKRG
 3DUWLFLSDQWV
7KHVWXG\FRPSULVHGRISDUWLFLSDQWVPDOHVIHPDOHVDJHG\HDUV0
 \HDUV6' 3DUWLFLSDQWVZHUHUHFUXLWHGYLDDQRQOLQHDGYHUWLVHPHQWGLVSOD\HG
RQDVRFLDOQHWZRUNLQJVLWHLH)DFHERRNZLWKLQ$XVWUDOLDVHH$SSHQGL[$$OO
SDUWLFLSDQWVH[FHSWWZRZHUHSHUPDQHQWO\UHVLGLQJLQ$XVWUDOLD$SSUR[LPDWHO\RI
SDUWLFLSDQWVZHUHERUQLQ$XVWUDOLDZLWKWKHUHPDLQGHUEHLQJERUQLQ:HVWHUQ(XURSH
$VLD$IULFD(DVWHUQ(XURSH6RXWK$PHULFD1RUWK$PHULFD
DQGWKH3DFLILF,VODQGV$ODUJHSURSRUWLRQRISDUWLFLSDQWVKDGHLWKHU
FRPSOHWHGDWHUWLDU\GHJUHHRUGLSORPDRUREWDLQHGDSURIHVVLRQDOTXDOLILFDWLRQZKLOVW
KDGFRPSOHWHGWKHILQDOWZR\HDUVRIVHFRQGDU\HGXFDWLRQDQGKDGFRPSOHWHGOHVVWKDQ
ILYH\HDUVRIVHFRQGDU\HGXFDWLRQ:KHQDVNHGWRLGHQWLI\WKHLURFFXSDWLRQDOPRVWKDOIRI
SDUWLFLSDQWVLGHQWLILHGWKHPVHOYHVDVIXOOWLPHVWXGHQWV7KHUHPDLQGHURI
SDUWLFLSDQWVUHSRUWHGYDULHGRFFXSDWLRQVZKLFKFRXOGEHFDWHJRULVHGLQWRHLJKWEURDG
YRFDWLRQDODUHDVWUDGHVVHUYLFHVUHWDLOVDOHVDGPLQLVWUDWLRQVHFUHWDULDO
EXVLQHVVILQDQFHVFLHQFHWHFKQRORJ\KRVSLWDOLW\WRXULVP
JRYHUQPHQWDQGHGXFDWLRQ1HDUO\RISDUWLFLSDQWVUHSRUWHGWKDWWKH\
ZHUHFXUUHQWO\XQHPSOR\HGZLWKFRPPRQUHVSRQVHVLQWKLVFDWHJRU\EHLQJKRPHGXWLHVRU
UHFHLYLQJDGLVDELOLW\VXSSRUWSHQVLRQ
%LQJHHDWLQJV\PSWRPDWRORJ\ZDVDVVHVVHGXVLQJWKH%LQJH(DWLQJ6FDOH%(6
*RUPDOO\%ODFN'DVWRQ	5DUGLQ±VHH6HFWLRQIRUDIXOOGHVFULSWLRQDQGWKH
VDPSOHZDVVSOLWLQWRWZRJURXSV7KHILUVWJURXSKHUHLQUHIHUUHGWRDVWKHQRQELQJHHDWLQJ
Q JURXSFRPSULVHGWKRVHSDUWLFLSDQWVVFRULQJRUEHORZRQWKH%(6ZKLFK
DFFRUGLQJWRWKHFXWRIIUDQJHVRXWOLQHGE\*RUPDOO\HWDOUHSUHVHQWVQRQHWRORZ


ELQJHHDWLQJV\PSWRPDWRORJ\7KHVHFRQGJURXSKHUHLQUHIHUUHGWRDVWKHELQJHHDWLQJJURXS
Q FRPSULVHGWKRVHSDUWLFLSDQWVVFRULQJDERYHRQWKH%(6ZKLFKDFFRUGLQJWRWKH
FXWRIIUDQJHVRXWOLQHGE\*RUPDOO\HWDOUHSUHVHQWVPRGHUDWHWRVHYHUHELQJHHDWLQJ
V\PSWRPDWRORJ\

 0DWHULDOV
$QRQOLQHTXHVWLRQQDLUHZDVFRQVWUXFWHGFRPSULVLQJRIJHQHUDOVRFLRGHPRJUDSKLF
TXHVWLRQVDQGHLJKWVHOIUHSRUWPHDVXUHVLQFOXGLQJPHDVXUHVRIDWWDFKPHQWVW\OHHDWLQJ
EHKDYLRXUSRVLWLYHDQGQHJDWLYHDIIHFWHPRWLRQG\VUHJXODWLRQDQGFRSLQJVNLOOVDVGHVFULEHG
EHORZDQGSUHVHQWHGLQ$SSHQGL[%

 'HPRJUDSKLFV
*HQHUDOVRFLRGHPRJUDSKLFGHWDLOVUHJDUGLQJSDUWLFLSDQWV¶JHQGHUDJHHGXFDWLRQ
OHYHORFFXSDWLRQHWKQLFLW\DQGFRXQWU\RIUHVLGHQFHZHUHFROOHFWHGXVLQJDTXHVWLRQQDLUH
GHYHORSHGIRUWKLVVWXG\

 $GXOW$WWDFKPHQW6W\OH4XHVWLRQQDLUH$$4
7KH$$46LPSVRQ5KROHV	3KLOOLSVZDVXVHGWRDVVHVVSDUWLFLSDQWV¶
DWWDFKPHQWRULHQWDWLRQV7KH$$4LVFRPSULVHGRILWHPVUDWHGRQDSRLQW/LNHUWVFDOH
UDQJLQJIURPVWURQJO\GLVDJUHHWRVWURQJO\DJUHHDQGPHDVXUHVWKHWZRPDMRU
GLPHQVLRQVRIDWWDFKPHQWDQ[LHW\DQGDYRLGDQFH(LJKWLWHPVDUHXVHGWRPHDVXUHWKH
DWWDFKPHQWDQ[LHW\VFDOHZKLFKUHSUHVHQWVWKHGHJUHHWRZKLFKDQLQGLYLGXDOKDVDQ[LRXV
WKRXJKWVDQGIHHOLQJVDERXWWKHGHSHQGDELOLW\RIFORVHRWKHUVLQUHODWLRQVKLSV$QH[DPSOHRI
VXFKDQ[LRXVDWWDFKPHQWLWHPVLQFOXGH³2WKHUVRIWHQDUHUHOXFWDQWWRJHWDVFORVHDV,ZRXOG
OLNH´DQG³,RIWHQZRUU\WKDWP\SDUWQHUVGRQ¶WUHDOO\ORYHPH´7KHDWWDFKPHQWDYRLGDQFH


VFDOHLVPHDVXUHGE\QLQHLWHPVDQGUHSUHVHQWVWKHGHJUHHWRZKLFKDQLQGLYLGXDOLVLQFOLQHG
WRDYRLGRUZLWKGUDZIURPFORVHQHVVDQGLQWLPDF\LQUHODWLRQVKLSV6DPSOHVRIVXFKLWHPV
LQFOXGH³,GRQ¶WOLNHSHRSOHJHWWLQJWRRFORVHWRPH´DQG³2WKHUVRIWHQZDQWWREHPRUH
LQWLPDWHWKDQ,IHHOFRPIRUWDEOHEHLQJ´%RWKVFDOHVGHPRQVWUDWHJRRGLQWHUQDOFRQVLVWHQF\
ZLWK&KURQEDFK¶VDOSKDVRIIRUWKHDQ[LHW\VFDOHDQGIRUWKHDYRLGDQFHVFDOH6LPSVRQ
HWDO

 :D\VRI&RSLQJ6KRUW)RUP:2&6)
7KH:2&6).DUDQW]DVLVDLWHPVKRUWHQHGYHUVLRQRIWKH:2&
TXHVWLRQQDLUH)RONPDQ	/D]DUXV)RONPDQHWDOZKLFKPHDVXUHVFRSLQJ
VWUDWHJLHVLQWHUPVRIFRQVWUXFWLYHGHDFWLYDWLQJRUK\SHUDFWLYDWLQJFRSLQJVWUDWHJLHV7KH
:2&6)FRQVLVWVRIVWDWHPHQWVGHVFULELQJERWKFRJQLWLYHDQGEHKDYLRXUDOVWUDWHJLHVWKDWFDQ
EHXVHGWRFRSHZLWKVWUHVVIXOVLWXDWLRQV3DUWLFLSDQWVDUHDVNHGWRLQGLFDWHRQDSRLQW/LNHUW
VFDOHWKHH[WHQWWRZKLFKWKH\XVHGWKHVSHFLILFVWDWHPHQWDVDZD\RIFRSLQJRYHUWKHODVWWZR
PRQWKV QRWXVHG XVHGDJUHDWGHDO6L[ILUVWRUGHUIDFWRUVDUHGHULYHGSUREOHP
IRFXVHGFRSLQJVRFLDOVXSSRUWDYRLGDQFHFRJQLWLYHGLVHQJDJHPHQWDQJHUDQGYHQWLQJ
ZKLFKFDQEHFROODSVHGWRIRUPWKUHHKLJKHURUGHUVXEVFDOHVUHSUHVHQWLQJWKHGHJUHHWRZKLFK
DQLQGLYLGXDOXVHVFRQVWUXFWLYHGHDFWLYDWLQJDQGK\SHUDFWLYDWLQJFRSLQJVWUDWHJLHV7KH
FRQVWUXFWLYHFRSLQJVXEVFDOHLVFDOFXODWHGE\VXPPLQJWKHSUREOHPIRFXVHGFRSLQJDQG
VXSSRUWVHHNLQJLWHPV([DPSOHVRIWKHVHLWHPVLQFOXGH³,PDGHDSODQRIDFWLRQDQGIROORZHG
LW´DQG³7DONHGWRVRPHRQHZKRFRXOGGRVRPHWKLQJFRQFUHWHDERXWWKHSUREOHP´7KH
GHDFWLYDWLQJVXEVFDOHLVFDOFXODWHGE\VXPPLQJDYRLGDQFHDQGFRJQLWLYHGLVHQJDJHPHQWLWHPV
DQGGHVFULEHVFRJQLWLYHDQGEHKDYLRXUDOHIIRUWVIRFXVHGRQUHSUHVVLQJHPRWLRQDOGLVWUHVV
([DPSOHVRIWKHVHLWHPVLQFOXGH³,GD\GUHDPHGRULPDJLQHGDEHWWHUWLPHRUSODFHWKDQWKH
RQH,ZDVLQ´DQG³$YRLGHGEHLQJZLWKSHRSOHLQJHQHUDO´7KHK\SHUDFWLYDWLQJVXEVFDOHLV


FDOFXODWHGE\VXPPLQJDQJHUDQGYHQWLQJLWHPVDQGGHVFULEHVFRJQLWLYHDQGEHKDYLRXUDO
HIIRUWVIRFXVHGRQLQWHQVLI\LQJHPRWLRQDOGLVWUHVV([DPSOHVRIWKHVHLWHPVLQFOXGH³,
H[SUHVVHGDQJHUWRWKHSHUVRQVZKRFDXVHGWKHSUREOHP´DQG³,WRRNLWRXWRQRWKHUSHRSOH´
7KHWKUHHVXEVFDOHVKDYHVKRZQJRRGLQWHUQDOFRQVLVWHQF\ZLWK&URQEDFKDOSKDVRI
DQGIRUFRQVWUXFWLYHGHDFWLYDWLRQDQGK\SHUDFWLYDWLRQFRSLQJIDFWRUVUHVSHFWLYHO\
.DUDQW]DV

 (PRWLRQDO2YHUHDWLQJ4XHVWLRQQDLUH(24
7KH(24LVDVL[LWHPLQVWUXPHQWGHYHORSHGWRPHDVXUHRYHUHDWLQJLQUHVSRQVHWR
HPRWLRQV0DVKHE	*ULOR(DFKLWHPRIWKH(24EHJLQVZLWKWKHTXHVWLRQ³2QKRZ
PDQ\GD\VRXWRIWKHSDVWGD\VKDYH\RXHDWHQDQXQXVXDOO\ODUJHDPRXQWRIIRRGJLYHQ
WKHFLUFXPVWDQFHVLQUHVSRQVHWRIHHOLQJVRI«´ZKLFKLVWKHQIROORZHGE\WKHHPRWLRQV
DQ[LHW\VDGQHVVORQHOLQHVVWLUHGQHVVDQJHUDQGKDSSLQHVV(DFKLWHPLVUDWHGRQDSRLQW
VFDOHUHIOHFWLQJWKHIUHTXHQF\RIGD\VLQZKLFKWKHEHKDYLRXURFFXUUHGLQWKHSDVWGD\V
UDQJLQJIURP ³1RGD\V´WR ³(YHU\GD\´$JOREDODYHUDJHVFRUHLQGLFDWLQJWKHGHJUHH
WRZKLFKDQLQGLYLGXDORYHUHDWVLQUHVSRQVHWRHPRWLRQVLVREWDLQHGE\DGGLQJWKHUHVSRQVHV
IURPDOOVL[LWHPVDQGGLYLGLQJE\VL[0DVKHE	*ULOR7KH(24KDVGHPRQVWUDWHG
JRRGLQWHUQDOFRQVLVWHQF\Į 0DVKHE	*ULOR&RQYHUJHQWYDOLGLW\ZDV
VXSSRUWHGHYLGHQFHGE\VLJQLILFDQWFRUUHODWLRQVEHWZHHQHPRWLRQDORYHUHDWLQJLWHPVDQG
GLVRUGHUHGHDWLQJEHKDYLRXUVLQFOXGLQJELQJHHDWLQJ0DVKHE	*ULOR$OWKRXJKWKH
VDPSOHRQZKLFKQRUPVZHUHGHWHUPLQHGIRUWKH(24ZDVFRPSULVHGRIREHVHPHQDQG
ZRPHQWRWDOVFRUHVZHUHXQUHODWHGWR%0,DQGGLGQRWGLIIHUDFFRUGLQJWRJHQGHU0DVKHE	
*ULOR




 7KH'LIILFXOWLHVLQ(PRWLRQ5HJXODWLRQ6FDOH'(56
7KH'(56*UDW]	5RHPHULVDLWHPLQVWUXPHQWGHVLJQHGWRDVVHVV
GLIILFXOWLHVLQUHJXODWLQJHPRWLRQV3DUWLFLSDQWVDUHDVNHGWRLQGLFDWHRQDSRLQW/LNHUWVFDOH
KRZRIWHQHDFKLWHPDSSOLHVWRWKHPZLWKUHVSRQVHVUDQJLQJIURPDOPRVWQHYHUWR
DOPRVWDOZD\V6DPSOHVRILWHPVLQFOXGH³:KHQ,¶PXSVHW,EHFRPHHPEDUUDVVHGIRU
IHHOLQJWKDWZD\´DQG³,SD\DWWHQWLRQWRKRZ,IHHO´7KH'(56KDVVL[VXEVFDOHVZKLFK
LQFOXGH1RQDFFHSWDQFHWKHLQDELOLW\WRWROHUDWHRUFRSHZLWKHPRWLRQDOH[SHULHQFHVĮ 
*UDW]	5RHPHU*RDO'LUHFWHGWKHDELOLW\WRHQJDJHLQSURVRFLDODQG
DGDSWLYHHPRWLRQFRSLQJVWUDWHJLHVĮ *UDW]	5RHPHU,PSXOVLYHWKH
FDSDFLW\WRDYRLGHQJDJLQJLQLPSXOVLYHDQGUHFNOHVVEHKDYLRXUZKHQH[SHULHQFLQJQHJDWLYH
HPRWLRQVĮ *UDW]	5RHPHU&ODULW\WKHIDFLOLW\WRXQGHUVWDQGGHVFULEH
DQGODEHOHPRWLRQVĮ *UDW]	5RHPHU$ZDUHQHVVWKHFDSDFLW\WRKDYH
NQRZOHGJHRIDQGJDLQLQVLJKWLQWRHPRWLRQDOVWDWHVĮ *UDW]	5RHPHUDQG
6WUDWHJLHV±WKHXWLOLVDWLRQRIHPRWLRQUHJXODWLRQVWUDWHJLHVLVSHUFHLYHGDVHIIHFWLYHĮ 
*UDW]	5RHPHU$QRYHUDOOJOREDOVFDOHVFRUHLQGLFDWHVJUHDWHUGLIILFXOW\ZLWK
HPRWLRQUHJXODWLRQĮ *UDW]	5RHPHU7KHRYHUDOOJOREDOVFDOHVFRUHZDVXVHG
LQWKLVWKHVLVDVDPHDVXUHRIHPRWLRQG\VUHJXODWLRQ

 3RVLWLYHDQG1HJDWLYH$IIHFW6FKHGXOH6KRUW)RUP3$1$66)
7KH3$1$66):DWVRQ&ODUN	7HOOHJHQLVDPHDVXUHRIWKHH[WHQWWR
ZKLFKDQLQGLYLGXDOIHHOVRYHUDOOSRVLWLYHDQGQHJDWLYHDIIHFW7KH3$1$66)FRQVLVWVRID
OLVWRIDGMHFWLYHVKDOIRIZKLFKGHVFULEHQHJDWLYHIHHOLQJVGLVWUHVVHGXSVHWJXLOW\VFDUHG
KRVWLOHLUULWDEOHDVKDPHGQHUYRXVMLWWHU\DIUDLGDQGKDOIZKLFKGHVFULEHSRVLWLYHIHHOLQJV
LQWHUHVWHGH[FLWHGVWURQJHQWKXVLDVWLFSURXGDOHUWLQVSLUHGGHWHUPLQHGDWWHQWLYHDFWLYH
3DUWLFLSDQWVDUHDVNHGWRUDWHHDFKDGMHFWLYHEDVHGRQDSRLQW/LNHUWVFDOHUDQJLQJIURP


YHU\VOLJKWO\QRWDWDOOWRH[WUHPHO\DFFRUGLQJWRKRZPXFKWKH\KDGH[SHULHQFHGWKDW
IHHOLQJRYHUWKHSDVWWZRZHHNV3DVWUHVHDUFKLQGLFDWHVKLJKLQWHUQDOFRQVLVWHQF\IRUERWKWKH
SRVLWLYHDIIHFWVFDOHĮ DQGWKHQHJDWLYHDIIHFWVFDOHĮ :DWVRQHWDO

 (DWLQJ'LVRUGHU([DPLQDWLRQ4XHVWLRQQDLUH('(45HVWUDLQW6XEVFDOH
7KHUHVWUDLQWVXEVFDOHRIWKH('(4)DLUEXUQ	%HJOLQZDVXVHGWRDVVHVV
GLHWDU\UHVWUDLQW7KH('(4LVDVHOIUHSRUWTXHVWLRQQDLUHDGDSWHGIURPWKH(DWLQJ'LVRUGHU
([DPLQDWLRQZKLFKLVDVHPLVWUXFWXUHGLQWHUYLHZXVHGWRDVVHVVHDWLQJGLVRUGHU
SV\FKRSDWKRORJ\)DLUEXUQ	&RRSHU7KHUHVWUDLQWVXEVFDOHRIWKH('(4DVVHVVHV
WKHQXPEHURIGD\VRXWRIWKHODVWWKDWSDUWLFXODUDWWLWXGHVHPRWLRQVDQGEHKDYLRXUDO
V\PSWRPVRIGLVRUGHUHGUHVWUDLQHGHDWLQJZHUHSUHVHQW7KHUHVWUDLQWVXEVFDOHXVHVDSRLQW
/LNHUWVFDOHUDQJLQJIURP ³1RGD\V´WR ³(YHU\GD\´DQGFRQVLVWVRILWHPV6DPSOHV
RIVXFKLWHPVLQFOXGH³+DYH\RXEHHQGHOLEHUDWHO\WU\LQJWROLPLWWKHDPRXQWRIIRRGWKDW
\RXHDWWRLQIOXHQFH\RXUVKDSHRUZHLJKWZKHWKHURUQRW\RXKDYHVXFFHHGHG"´DQG³+DYH
\RXJRQHIRUORQJSHULRGVRIWLPHZDNLQJKRXUVRUPRUHZLWKRXWHDWLQJDQ\WKLQJDWDOOLQ
RUGHUWRLQIOXHQFH\RXUVKDSHRUZHLJKW"´7KHGLHWDU\UHVWUDLQWVFDOHKDVGHPRQVWUDWHGJRRG
UHOLDELOLW\Į /DYHQGHU'H<RXQJ	$QGHUVRQ

 %LQJH(DWLQJ6FDOH%(6
7KH%LQJH(DWLQJ6FDOH*RUPDOO\HWDOZDVXVHGWRDVVHVVWKHVHYHULW\ZLWK
ZKLFKDQLQGLYLGXDOH[SHULHQFHVEHKDYLRXUVDQGFRJQLWLRQVDVVRFLDWHGZLWKELQJHHDWLQJ7KH
%(6LVDLWHPTXHVWLRQQDLUHZLWKHDFKLWHPDVNLQJUHVSRQGHQWVWRVHOHFWIURPDJURXSRI
WKUHHRUIRXUVWDWHPHQWVWKHRQHWKDWEHVWGHVFULEHVWKHP)RUH[DPSOHRQHLWHPKDVWKH
IROORZLQJIRXUVWDWHPHQWRSWLRQV³,XVXDOO\DPDEOHWRVWRSHDWLQJZKHQ,ZDQWWR,NQRZ
ZKHQHQRXJKLVHQRXJK´RU³(YHU\VRRIWHQ,H[SHULHQFHDFRPSXOVLRQWRHDWZKLFK,FDQ¶W


VHHPWRFRQWURO´RU³)UHTXHQWO\,H[SHULHQFHVWURQJXUJHVWRHDWZKLFK,VHHPXQDEOHWR
FRQWUROEXWDWRWKHUWLPHV,FDQFRQWUROP\HDWLQJXUJHV´RU³,IHHOLQFDSDEOHRIFRQWUROOLQJ
XUJHVWRHDW,KDYHDIHDURIQRWEHLQJDEOHWRVWRSHDWLQJYROXQWDULO\´7KH%(6DVVHVVHVWKH
IXOOVSHFWUXPRIELQJHHDWLQJV\PSWRPDWRORJ\LQFOXGLQJEHKDYLRXUDOPDQLIHVWDWLRQVRIELQJH
HDWLQJHJHDWLQJLQVHFUHWHDWLQJXQWLOIHHOLQJVWXIIHGHPRWLRQDOSUHFLSLWDQWVRU
FRQVHTXHQFHVRIELQJHHDWLQJHJERG\GLVVDWLVIDFWLRQIHHOLQJJXLOWRUVHOIKDWUHGIROORZLQJ
DELQJHDQGFRJQLWLYHIDFWRUVUHODWHGWRELQJHHDWLQJHJIRRGREVHVVLRQVSUHRFFXSDWLRQ
ZLWKGLHWDU\UHVWUDLQW*RUPDOO\HWDOYDOLGDWHGWKHVFDOHXVLQJFOLQLFDOMXGJPHQWVRI
ELQJHHDWLQJVHYHULW\EDVHGRQVWUXFWXUHGGLDJQRVWLFLQWHUYLHZVZLWKREHVHSHUVRQVVHHNLQJ
WUHDWPHQWIRUELQJHHDWLQJ6FDOHVFRUHVZHUHIRXQGWREHVLJQLILFDQWO\GLIIHUHQWIRUHDFKOHYHO
RIELQJHHDWLQJVHYHULW\VXJJHVWLQJWKDWWKHVFDOHPD\EHXVHGWRDSSUDLVHWKHGHJUHHWR
ZKLFKLQGLYLGXDOVH[SHULHQFHELQJHHDWLQJV\PSWRPDWRORJ\3DUWLFLSDQWVVFRULQJRUOHVVRQ
WKH%(6DUHFODVVLILHGDVKDYLQJQRELQJHHDWLQJSUREOHPWKRVHZLWKDVFRUHDERYH
WKURXJKWRDUHFODVVLILHGDVKDYLQJDPRGHUDWHELQJHHDWLQJSUREOHPDQGWKRVHVFRULQJ
JUHDWHUWKDQWKURXJKWRDUHFODVVLILHGDVH[SHULHQFLQJVHYHUHELQJHHDWLQJ*RUPDOO\HW
DOIRXQGQRGLIIHUHQFHEHWZHHQPDOHDQGIHPDOHPHDQVFRUHVRQWKLVVFDOHDQGQR
UHODWLRQEHWZHHQGHJUHHRIREHVLW\DQGELQJHHDWLQJVHYHULW\$VQRWHGLQ6HFWLRQIRUWKH
SXUSRVHVRIWKLVWKHVLVSDUWLFLSDQWVZHUHJURXSHGLQWRRQHRIWZRFDWHJRULHVQRQELQJHHDWLQJ
VFRUHVRIRUOHVVUHSUHVHQWLQJQRWRORZV\PSWRPVRIELQJHHDWLQJRUELQJHHDWLQJ
VFRUHVJUHDWHUWKDQUHSUHVHQWLQJPRGHUDWHWRVHYHUHV\PSWRPVRIELQJHHDWLQJEHKDYLRXU

 7KH³:+272´5HYLVHGIRU)RRG:+2725
$UHYLVHGYHUVLRQRIWKH³:+272´XVHGE\)UDOH\DQG'DYLVZDVGHYLVHGIRU
WKLVVWXG\7KH:+272LVDPHDVXUHRISDUWLFLSDQWV¶DWWDFKPHQWKLHUDUFKLHVDQGGHWHUPLQHV
ZKLFKDWWDFKPHQWILJXUHVDUHVRXJKWIRUYDULRXVDWWDFKPHQWUHODWHGIXQFWLRQV6SHFLILFDOO\


)UDOH\DQG'DYLV¶YHUVLRQRIWKH:+272ZDVXVHGWRDVVHVVWKRVHDWWDFKPHQWILJXUHV
ZKRPWKHSDUWLFLSDQWVRXJKWSUR[LPLW\WRLQWLPHVRIGLVWUHVVWKRVHZKRPWKHSDUWLFLSDQW
XVHGDVDVDIHKDYHQDQGWKRVHZKRPWKHSDUWLFLSDQWXVHGDVDVHFXUHEDVH7ZRLWHPVDUH
LQFOXGHGWRWDSHDFKDWWDFKPHQWUHODWHGFRPSRQHQW([DPSOHVRILWHPVLQFOXGH³:KRLVWKH
SHUVRQ\RXPRVWOLNHWRVSHQGWLPHZLWK"´3UR[LPLW\6HHNLQJ³:KRLVWKHSHUVRQ\RX
ZRXOGFRXQWRQIRUDGYLFH"´6DIH+DYHQDQG³:KRLVWKHSHUVRQ\RXFDQDOZD\VFRXQW
RQ"´6HFXUH%DVH3DUWLFLSDQWVDUHLQVWUXFWHGWRZULWHWKHQDPHVRIWKHSHRSOHZKREHVW
VHUYHWKHUROHVGHVFULEHGLQHDFKLWHP7KH:+272KDVEHHQXVHGWRVWXG\DWWDFKPHQW
QHWZRUNVIRUFKLOGUHQDV\RXQJDV\HDUVROG+D]DQ	=HLIPDQDQGIRUROGHU
DGROHVFHQWVDQGDGXOWV)UDOH\	'DYLV7ULQNH	%DUWKRORPHZ
7KH:+2725XVHGLQWKLVVWXG\ZDVUHYLVHGWRDVVHVVZKHWKHUIRRGFRXOGVHUYH
DWWDFKPHQWIXQFWLRQVPXFKOLNHDQDWWDFKPHQWILJXUHDQGZKHUHIRRGUDQNHGLQSDUWLFLSDQWV
DWWDFKPHQWKLHUDUFKLHV7KLVPHDVXUHDVVHVVHVWKHWKUHHFRUHFRPSRQHQWVRIDWWDFKPHQW
UHODWLRQVKLSVLHSUR[LPLW\VHHNLQJVDIHKDYHQDQGVHFXUHEDVHE\DVNLQJVL[TXHVWLRQV
DERXWZKRLQWKHSDUWLFLSDQW¶VOLIHEHVWVHUYHVHDFKRIWKHIXQFWLRQVLQFOXGLQJIRRGDVDQ
RSWLRQ)XUWKHUPRUHWKHVFDOHLQVWUXFWLRQVZHUHDOWHUHGWRDOHUWSDUWLFLSDQWVWKDWIRRGFDQEH
DFNQRZOHGJHGWRIXOILODWWDFKPHQWIXQFWLRQVRUFRXOGEHOHIWEODQNLIQRWUHOHYDQW7KH
LQVWUXFWLRQVIRUWKHVFDOHUHDG³:HDOOOLNHWRVSHQGWLPHLQWKHFRPSDQ\RIRWKHUSHRSOHRU
WKLQJV7DNHDPLQXWHWRWKLQNDERXWZKR\RXOLNHWRVSHQGWLPHZLWK<RXPD\DOVRFRQVLGHU
IRRGDVDVRXUFHRIFRPSDQ\ZKHQDORQH,QFOXGLQJIRRGDVDQRSWLRQUDQNWKHOLVWEHORZ
DFFRUGLQJWRZKLFK\RXPRVWSUHIHUWRVSHQGWLPHZLWK3OHDVHUHPHPEHULIIRRGRUD
SDUWLFXODUSHUVRQGRHVQRWDSSO\WKHQOHDYHLWZLWKRXWDUDQNLQJ´6L[RSWLRQVZHUHSURYLGHG
SDUWQHUPRWKHUIDWKHUVLEOLQJIULHQGDQGIRRG$VLQGLFDWHGLQWKHLQVWUXFWLRQVSDUWLFLSDQWV
ZHUHLQVWUXFWHGWROHDYHWKHUDQNLQJEODQNIRUWKRVHFKRLFHVZKLFKDUHQRWXVHGLQUHJDUGVWR
WKHDWWDFKPHQWIXQFWLRQ$VLQWKHRULJLQDO:+272WKH:+2725XVHGWZRLWHPVWRDVVHVV


HDFKRIWKHDWWDFKPHQWIXQFWLRQV6FRUHVDFURVVWKHWZRLWHPVSHUWDLQLQJWRHDFKDWWDFKPHQW
IXQFWLRQDUHDYHUDJHGWRSURGXFHDQDYHUDJHUDQNLQJVFRUHUHODWLQJWRKRZPXFKDFHUWDLQ
SHUVRQRUIRRGLVUHOLHGXSRQWRIXOILOWKHIXQFWLRQVRISUR[LPLW\VHHNLQJVDIHKDYHQDQG
VHFXUHEDVH$JOREDOVFRUHLVFRPSXWHGE\FDOFXODWLQJDVXPPHGDYHUDJHUDQNLQJDFURVVDOO
WKUHHIXQFWLRQVXEVFDOHV7KH:+2725VFDOHVFDOFXODWHGLQWKHFXUUHQWVWXG\GHPRQVWUDWHG
JRRGLQWHUQDOFRQVLVWHQF\ZLWK&URQEDFKDOSKDVRIIRUWKH*OREDOVXEVFDOHDQG
DQGIRUWKH3UR[LPLW\6HHNLQJ6DIH+DYHQDQG6HFXUH%DVHVXEVFDOHVUHVSHFWLYHO\

 3URFHGXUH
3DUWLFLSDQWVZHUHUHFUXLWHGYLDDQDGYHUWLVHPHQWSRVWHGRQDQLQWHUQHWVRFLDO
QHWZRUNLQJVLWHLH)DFHERRNWKHWH[WIRUZKLFKLVSURYLGHGLQ$SSHQGL[$7KH
DGYHUWLVHPHQWUDQGRPO\DSSHDUHGRQ)DFHERRNXVHUVSDJHVZLWKLQ$XVWUDOLD7KLV
DGYHUWLVHPHQWSURYLGHGDEULHIGHVFULSWLRQRIWKHUHVHDUFKDQGLQYLWHGLQWHUHVWHGSHRSOHDJHG
\HDUVDQGRYHUWRDFFHVVWKHRQOLQHVXUYH\E\FOLFNLQJRQWKH85/WKDWDSSHDUHGRQWKH
DGYHUWLVHPHQW8SRQFOLFNLQJWKH85/D3ODLQ/DQJXDJH6WDWHPHQW3/6DSSHDUHGZKLFK
RXWOLQHGWKHQDWXUHRIWKHVWXG\DQGUHTXLUHGSDUWLFLSDQWVWRFOLFNRQDEXWWRQLIWKH\ZLVKHGWR
FRQWLQXHVHH$SSHQGL[$7KHRQOLQHVXUYH\ZDVFRQVWUXFWHGXVLQJDQLQWHUQHWEDVHG
SURJUDP6XUYH\PRQNH\7KHRQOLQHVXUYH\FRQVLVWHGRIVHOIUHSRUWPHDVXUHVGHVFULEHGLQ
6HFWLRQDQGWRRNDSSUR[LPDWHO\PLQXWHVWRFRPSOHWH3DUWLFLSDWLRQZDVDQRQ\PRXV
DQGLQGLYLGXDOVKDGWKHULJKWWRZLWKGUDZIURPWKHVXUYH\DWDQ\WLPHEHIRUHVXEPLWWLQJWKHLU
UHVXOWV3DUWLFLSDQWVZHUHLQIRUPHGWKDWVXEPLWWLQJWKHVXUYH\RQFRPSOHWLRQZRXOGEHWDNHQ
DVWKHLULQIRUPHGFRQVHQWRISDUWLFLSDWLRQ





 'DWD$QDO\VLV
'DWDDQDO\VLVZDVFRQGXFWHGXVLQJ6366DQG$0267KHDLPV
K\SRWKHVHVDQGUHVHDUFKTXHVWLRQVZHUHDGGUHVVHGE\XWLOLVLQJGHVFULSWLYHVWDWLVWLFVPHDQV
GLIIHUHQFHWHVWLQJFRUUHODWLRQDODQDO\VHVDQGSDWKDQDO\VLV*LYHQWKHFRPSOH[LW\RISDWK
DQDO\VLVWKLVWHFKQLTXHLVGHWDLOHGEHORZ

 $Q([SODQDWLRQRI3DWK$QDO\VLV
3DWKDQDO\VLVLVDPXOWLYDULDWHWHFKQLTXHWKDWDOORZVIRUWKHWHVWLQJRIDVVRFLDWLRQV
EHWZHHQPXOWLSOHSUHGLFWRUDQGRXWFRPHYDULDEOHVWKHUHE\IDFLOLWDWLQJWKHVLPXOWDQHRXV
HVWLPDWLRQRIQXPHURXVSDWKFRHIILFLHQWV8OOPDQ3DWKDQDO\VLVLVFRPPRQO\XVHGWR
DHYDOXDWHZKHWKHUDK\SRWKHVLVHGPRGHOSURYLGHVDUHDVRQDEOHILWWRWKHGDWDDQGWR
GHWHUPLQHWKHFRQWULEXWLRQRIHDFKYDULDEOHWRWKHPRGHOEHVWLPDWHPHDVXUHPHQWHUURU
DQGFWHVWIRUGLIIHUHQFHVLQWKHVWUHQJWKRISDWKZD\VEHWZHHQJURXSV7DEDFKQLFN	)LGHOO
7KHJRRGQHVVRIILWRIWKHPRGHOLVHYDOXDWHGWKURXJKDEVROXWHDQGLQFUHPHQWDOILW
LQGLFHV$GHVFULSWLRQRIWKHDVVHVVPHQWRIJRRGQHVVRIILWLVGHVFULEHGLQWKHQH[WVHFWLRQ

 $VVHVVLQJ*RRGQHVVRI)LW
7KHFKLVTXDUHFJRRGQHVVRIILWWHVWDVVHVVHVPRGHOILWE\GHWHUPLQLQJWKH
GLIIHUHQFHEHWZHHQWKHREVHUYHGDQGLPSOLHGYDOXHVRIWKHUHODWLRQVKLSVEHWZHHQPRGHO
YDULDEOHVWKHVPDOOHUWKHGLVFUHSDQF\EHWZHHQWKHYDOXHVWKHEHWWHUWKHPRGHOILW
&RQVHTXHQWO\DJRRGILWWLQJPRGHOLVLQGLFDWHGE\DFKLVTXDUHYDOXHWKDWLVQRQVLJQLILFDQW
DQGVPDOO%\UQH+RZHYHULWLVFUXFLDOWRFRQVLGHUVDPSOHVL]HZKHQXVLQJFDVD
PHDVXUHRIPRGHOILW/DUJHVDPSOHVL]HVRIWHQ\LHOGVLJQLILFDQWGLIIHUHQFHVHYHQZKHQWKH
GLIIHUHQFHVDUHWULYLDOZKHUHDVVPDOOVDPSOHVL]HVGHFUHDVHWKHSUREDELOLW\RIREWDLQLQJD
VLJQLILFDQWFGLIIHUHQFH.OLQH8OOPDQ,QRUGHUWRDYRLGWKHOLPLWDWLRQRI


VDPSOHVL]HYDULRXVDOWHUQDWLYHILWLQGLFHVKDYHEHHQGHYHORSHGWRSURYLGHDQDVVHVVPHQWRI
ILWLQDGGLWLRQWRWKHF+X	%HQWOHU+XDQG%HQWOHUUHFRPPHQGWKHXVHRI
YDULRXVDEVROXWHDQGLQFUHPHQWDOILWLQGLFHV$EVROXWHILWLQGLFHVDVVHVVKRZZHOOWKH
K\SRWKHVLVHGPRGHOUHSURGXFHVWKHUHODWLRQVKLSVIRXQGLQWKHVDPSOHGDWDLHWKHREVHUYHG
FRYDULDQFHPDWUL[+X	%HQWOHU:KHUHDVLQFUHPHQWDOILWLQGLFHVPHDVXUHWKH
SURSRUWLRQDWHLPSURYHPHQWLQILWE\FRPSDULQJWKHK\SRWKHVLVHGPRGHOWRDQXOOPRGHOLQ
ZKLFKWKHREVHUYHGYDULDEOHVDUHDVVXPHGWREHXQFRUUHODWHG+X	%HQWOHU.OLQH
:KLOVWDYDULHW\RIGLIIHUHQWW\SHVRIILWLQGLFHVFRPSULVHWKHVHWZREURDGFDWHJRULHV
VHYHUDODUHKLJKOLJKWHGDVPRVWVXLWDEOHWRHYDOXDWHDSDWKDQDO\WLFPRGHO%\UQH+X	
%HQWOHU.OLQH2IWKHDEVROXWHILWLQGLFHVWKHPRVWUREXVWDUHLGHQWLILHGDV
EHLQJWKH5RRW0HDQ6TXDUH(UURURI$SSUR[LPDWLRQ506($DQGWKH6WDQGDUGLVHG5RRW
0HDQ6TXDUH5HVLGXDO65057KH7XFNHU/HZLV,QGH[7/,DQGWKH&RPSDUDWLYH)LW
,QGH[&),DUHFRQVLGHUHGWKHPRVWXVHIXORIWKHLQFUHPHQWDOILWLQGLFHV+X	%HQWOHU

2IWKHVHUHFRPPHQGHGLQGLFHVWKH506($LVFRQVLGHUHGWREHWKHOHDVWVHQVLWLYHWR
VDPSOHVL]H%\UQH,WLVJHQHUDOO\DFFHSWHGWKDWDQ506($YDOXHRIHTXDOWRRUOHVV
WKDQLVLQGLFDWLYHRIDJRRGILWWLQJPRGHOUHSUHVHQWLQJDQDYHUDJHRIHUURULQWKHILWRI
WKHPRGHOWRWKHDVVXPHGSRSXODWLRQPDWUL[+RZHYHUUHVHDUFKXVLQJDVPDOOVDPSOHRI
SDUWLFLSDQWVPD\DFFHSW506($YDOXHVEHWZHHQDQGDVLQGLFDWLYHRIDJRRGILWWLQJ
PRGHO+X	%HQWOHU
6LPLODUWRWKH506($WKH6505DOVRDVVHVVHVWKHDYHUDJHUHVLGXDOLQWKH
K\SRWKHVLVHGPRGHOKRZHYHUWKH6505FRPSDUHVWKHLPSOLHGPRGHOWRWKHREVHUYHG
YDULDEOHPDWUL[UDWKHUWKDQDQDVVXPHGSRSXODWLRQPDWUL[6PDOOYDOXHVDUHLQGLFDWLYHRIJRRG
ILWWLQJPRGHOVZLWKYDOXHVGHVLUHGIRU1!DQG6505YDOXHVRIWRIRU1
+X	%HQWOHU7KH7/,LQGH[FRPSDUHVWKHPRGHOILWEHWZHHQWKHK\SRWKHVLVHG


PRGHODQGWKHQXOOPRGHOZKLOVWDOVRDGMXVWLQJIRUGHJUHHVRIIUHHGRP*LYHQWKDWGHJUHHVRI
IUHHGRPDUHFRQVLGHUHGWKH7/,LVVDLGWRKDYHOLPLWHGDSSOLFDWLRQWRPRUHFRPSOH[PRGHOV
8OOPDQ)LQDOO\WKH&),LQGH[HYDOXDWHVWKHILWRIWKHLPSOLHGPRGHOUHODWLYHWRWKH
LQGHSHQGHQFHPRGHO7KH&),FDOFXODWLRQFRPSDUHVWKHFHQWUDOLW\RIWKHFGLVWULEXWLRQRIWKH
LPSOLHGPRGHOWRWKHLQGHSHQGHQFHPRGHODQGKDVEHHQIRXQGWREHDFFXUDWHLQHVWLPDWLQJ
PRGHOILWLQVPDOOVDPSOHVL]HVLH1&),DQG7/,YDOXHVUDQJHIURPZLWKYHU\
JRRGPRGHOILWEHLQJLQGLFDWHGE\DYDOXHWKHUHIRUHPHDQLQJWKDWWKHLPSOLHGPRGHOLV
EHWWHUWKDQWKHQXOOPRGHO+DLU$QGHUVRQ7DWKDP	%ODFN7KRPSVRQ

 0RGHO5HVSHFLILFDWLRQ'HYHORSLQJD0RUH3DUVLPRQLRXV0RGHO
0RGHOUHVSHFLILFDWLRQLVDSURFHVVXQGHUWDNHQWRLPSURYHWKHJRRGQHVVRIILWIRUD
JLYHQPRGHODVLQGLFDWHGE\DUHGXFWLRQLQWKHOLNHOLKRRGFVWDWLVWLFLIDJLYHQIL[HG
SDUDPHWHUZDVDOWHUHG.OLQH7KLVSURFHVVEHJLQVZLWKDSRVWKRFDQDO\VLVLQYROYLQJ
WKHHYDOXDWLRQRIPRGLILFDWLRQLQGLFHV0,VDQHVWLPDWLRQRIWKHUHGXFWLRQLQWKHFIRUIUHHO\
HVWLPDWLQJDJLYHQSDUDPHWHUDQGH[SHFWHGSDUDPHWHUFKDQJH(3&DQHVWLPDWHRIWKH
XQVWDQGDUGLVHGSDUDPHWHUZHUHLWWREHIUHHO\HVWLPDWHG
7KHREVHUYDWLRQRI0,DQG(3&YDOXHVDOORZVUHVHDUFKHUVWRIUHHO\HVWLPDWH
DGGLWLRQDOSDWKZD\VLQDQH[LVWLQJPRGHODSUDFWLFHUHIHUUHGWRDVPRGHOEXLOGLQJ0RGHOUH
VSHFLILFDWLRQXVXDOO\EHJLQVE\ORRNLQJIRUWKRVHIL[HGSDUDPHWHUHVWLPDWHVWKDWKDYHWKH
ODUJHVW0,VDQGDOORZLQJWKHVHWREHIUHHO\HVWLPDWHG$GGLWLRQDOO\UHVSHFLILFDWLRQPD\DOVR
LQYROYHWKHGHOHWLRQRIDQ\SDWKVWKDWDUHGHHPHGUHGXQGDQWDSURFHVVWHUPHGPRGHO
WULPPLQJ)RUH[DPSOHSDWKVZLWKORZVWDQGDUGLVHGUHJUHVVLRQZHLJKWVRIEDQGS
YDOXHVRIFDQEHGHOHWHGWRSURGXFHDPRUHSDUVLPRQLRXVPRGHO,WLVUHFRPPHQGHGWKDW
PRGHOEXLOGLQJLVIROORZHGE\PRGHOWULPPLQJ%RRPVPD2ILQWHJUDOLPSRUWDQFHLV
WKDWPRGHOUHVSHFLILFDWLRQVKRXOGRQO\EHFRQGXFWHGLIFKDQJHVDUHLQOLQHZLWKWKHRUHWLFDO


UHDVRQLQJ6WDWLVWLFLDQVZDUQDJDLQVWPDNLQJSRVWKRFUHVSHFLILFDWLRQVEDVHGPHUHO\RQ
HPSLULFDOHYLGHQFHDORQHDVLWPD\UHVXOWLQLQFUHDVHGVDPSOLQJHUURUHJ%\UQH
.OLQH7KRPSVRQ$GGLWLRQDOO\LWLVKLJKOLJKWHGWKDWPRGLILFDWLRQVLQYROYLQJ
IUHHO\HVWLPDWLQJRUGHOHWLQJSDWKVVKRXOGEHHVWLPDWHGRQHDWDWLPH%RRPVPD
7KHSURFHVVRIPRGHOEXLOGLQJDQGPRGHOWULPPLQJLQYROYHVWKHFDOFXODWLRQRIDF
GLIIHUHQFHWHVWZKLFKLVFRQGXFWHGIROORZLQJHDFKPRGLILFDWLRQLQRUGHUWRHYDOXDWHZKHWKHU
WKHUHVSHFLILFDWLRQLPSURYHGPRGHOILW7KHFGLIIHUHQFHWHVWDVVHVVHVWKHGLIIHUHQFHEHWZHHQ
WZRKLHUDUFKLFDOO\UHODWHGPRGHOVZKLFKDUHUHIHUUHGWRDVQHVWHGPRGHOV.OLQH
:KLOVWQHVWHGPRGHOVDOZD\VKDYHWKHVDPHREVHUYHGYDULDEOHVDQGODWHQWIDFWRUVWKH\YDU\
LQWHUPVRIWKHQXPEHURISDUDPHWHUVWKDWDUHIUHHO\HVWLPDWHG7KHUHIRUHZKHQPRGHO
EXLOGLQJDVLJQLILFDQWFGLIIHUHQFHLQGLFDWHVWKDWWKHUHVSHFLILFDWLRQLPSURYHGPRGHOILW
:KHUHDVLQPRGHOWULPPLQJWKHGHOHWLRQRIQRQVLJQLILFDQWSDWKVVKRXOGUHVXOWLQDQRQ
VLJQLILFDQWFGLIIHUHQFHDVWKLVGHPRQVWUDWHVWKDWWKHVXEWUDFWHGSDWKZDVQRWPDNLQJD
VLJQLILFDQWFRQWULEXWLRQWRWKHPRGHO.OLQH
,WVKRXOGEHQRWHGWKDWWKHUHDUHLQVWDQFHVGXULQJPRGHOUHVSHFLILFDWLRQZKHUHSDUWLFXODU
REVHUYHGYDULDEOHVPD\EHLGHQWLILHGDVKDYLQJQRLPSDFWXSRQWKHPRGHO)RUH[DPSOHWKHUHDUH
QRSDWKVJRLQJWRRUIURPDQREVHUYHGYDULDEOHWKDWDUHVLJQLILFDQW,WLVUHFRPPHQGHGWKDWXQGHU
VXFKFLUFXPVWDQFHVWKHYDULDEOHVKRXOGEHGHOHWHGDQGWKHPRGHOUHDQDO\VHGZLWKRXWLW8OOPDQ
,QWKLVFDVHWKHFGLIIHUHQFHWHVWLVQRWDSSURSULDWHLQWHVWLQJIRULPSURYHPHQWLQPRGHOILW
DVWKHPRGHOVKDYHGLIIHUHQWQXPEHUVRIYDULDEOHVDQGDUHWKHUHIRUHQRORQJHUQHVWHGPRGHOV
8OOPDQ7KHUHIRUHZKHQFRPSDULQJDFURVVQRQQHVWHGPRGHOVWKHXVHRIDQDGGLWLRQDO
DEVROXWHILWLQGH[LVUHTXLUHGWKH$NDLNH,QIRUPDWLRQ&ULWHULRQ$,&6PDOO$,&YDOXHVLQGLFDWH
JRRGILWWLQJSDUVLPRQLRXVPRGHOVKRZHYHUWKHVHLQGLFHVDUHQRWVFDOHGIURP7KHUHIRUHZKHQ
FRPSDULQJQRQQHVWHGPRGHOVXVLQJWKH$,&WKHEHWWHUILWWLQJPRGHOLVWKDWZKLFKVLPSO\KDVD
ORZHU$,&UHODWLYHWRWKHFRPSDULVRQPRGHO8OOPDQ



 0XOWLJURXS,QYDULDQFH7HVWLQJ
:KLOHSDWKDQDO\VLVLVXVHGWRGHWHUPLQHWKHSDWWHUQRIDVVRFLDWLRQVEHWZHHQYDULDEOHV
SDWKDQDO\VLVFDQDOVREHXVHGWRGHWHUPLQHWKHH[WHQWWRZKLFKWKHVHDVVRFLDWLRQVYDU\
VLJQLILFDQWO\IRUGLIIHUHQWJURXSV7KLVIRUPRISDWKDQDO\VLV±ZKLFKHVVHQWLDOO\FRPELQHV
VLPXOWDQHRXVUHJUHVVLRQDQDO\VLVZLWK$129$LVUHIHUUHGWRDVPXOWLJURXSLQYDULDQFH
WHVWLQJ7KXVWKHWHUPPXOWLJURXSLQYDULDQFHUHODWHVWRWKHDVVHVVPHQWRIZKHWKHUD
UHODWLRQVKLSEHWZHHQWZRREVHUYHGYDULDEOHVLHSDWKLVWKHVDPHRUGLIIHUHQWIRUGLIIHUHQW
JURXSVRISDUWLFLSDQWVHJELQJHHDWLQJDQGQRQELQJHHDWLQJLQWKHFDVHRIWKHSUHVHQW
WKHVLV6SHFLILFDOO\ZKHWKHUWKHUHDUHDQ\VLJQLILFDQWGLIIHUHQFHVEHWZHHQWZRJURXSVIRUWKH
K\SRWKHVLVHGUHODWLRQVKLSVLQDPRGHO7RDVVHVVPHDVXUHPHQWLQYDULDQFHHDFKSDWKLQWKH
PRGHOLVFRQVWUDLQHGWRHTXDOLW\DQGDFKLVTXDUHGLIIHUHQFHWHVWLVXVHGWRFRPSDUHWKHIUHHO\
HVWLPDWHGWRWKHIXOO\FRQVWUDLQHGPRGHO,IDGLIIHUHQFHLVIRXQGWKHQWKHVRXUFHRI
GLVFUHSDQF\QHHGVWREHGHWHUPLQHGE\IUHHLQJHDFKSDWKZD\RQHDWDWLPHFRQGXFWLQJDFKL
VTXDUHWHVWHDFKWLPHDSDWKZD\LVXQFRQVWUDLQHG$VLJQLILFDQWFKLVTXDUHGLIIHUHQFH
LQGLFDWHVWKDWWKHSDWKZD\FRHIILFLHQWLVVLJQLILFDQWO\GLIIHUHQWEHWZHHQWKHWZRJURXSVDQGLV
WKHQOHIWXQFRQVWUDLQHG7KLVSURFHVVLVUHSHDWHGXQWLODOOSDWKVLQWKHPRGHOFRQVWUDLQHGWR
HTXDOLW\DUHWHVWHGIRUVLJQLILFDQWGLIIHUHQFHV



&+$37(5
5HVXOWV0RGHORI%LQJH(DWLQJ
 2YHUYLHZRI$QDO\VHV
,QWKLVFKDSWHUWKHDQDO\VHVSHUWDLQLQJWRWKHILUVWUHVHDUFKDLPDUHSUHVHQWHG
6SHFLILFDOO\WKHK\SRWKHVLVHGPRGHORXWOLQHGLQ&KDSWHULVHYDOXDWHGXVLQJSDWKDQDO\VLV
$IWHUWKHVFUHHQLQJDQGFOHDQLQJRIWKHGDWDWKHK\SRWKHVLVHGPRGHOLVWHVWHGRQWKHHQWLUH
VDPSOH1 DQGPRGLILFDWLRQVWRWKHPRGHODUHPDGHEDVHGRQHPSLULFDODQGWKHRUHWLFDO
UHDVRQLQJ+DYLQJGHYHORSHGDUHVSHFLILHGPRGHOWKLVPRGHOLVWKHQVLPXOWDQHRXVO\WHVWHG
DFURVVWKHQRQELQJHHDWLQJDQGELQJHHDWLQJSDUWLFLSDQWJURXSVXVLQJPXOWLJURXSLQYDULDQFH
WHVWLQJ

 'DWD6FUHHQLQJDQG7UHDWPHQW
7KHGDWDZHUHFKHFNHGIRUPLVVLQJQHVVDFURVVWKHYDULDEOHVLQFOXGHGLQWKHPRGHO
LHDWWDFKPHQWGLPHQVLRQVFRSLQJVXEVFDOHVHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQ
SRVLWLYHDQGQHJDWLYHDIIHFWGLHWDU\UHVWUDLQWDQGELQJHHDWLQJ$OOGDWDHQWULHVZHUHFKHFNHG
WRHQVXUHWKDWDOOYDOXHVIHOOZLWKLQVFDOHUDQJHV0LVVLQJYDOXHVZHUHIRXQGDFURVVPXOWLSOH
LWHPVDVVRFLDWHGZLWKDOOWKHYDULDEOHVLQFOXGHGLQWKHPRGHOKRZHYHUWKHSURSRUWLRQRI
PLVVLQJYDOXHVIRUDQ\JLYHQLWHPZDVQRKLJKHUWKDQ$PLVVLQJYDOXHDQDO\VLV09$
ZDVFRQGXFWHGDQGUHYHDOHGWKDWPLVVLQJYDOXHVRFFXUUHGDWUDQGRP$VWKHSHUFHQWDJHRI
UDQGRPPLVVLQJGDWDZDVORZPLVVLQJYDOXHVZHUHDEOHWREHVXEVWLWXWHGXVLQJWKH
([SHFWDWLRQ0D[LPLVDWLRQ(0PHWKRG7KH(0PHWKRGLVDQLWHUDWLYHSURFHGXUHUHVXOWLQJ
LQPHDQLPSXWDWLRQLQSODFHRIWKHPLVVLQJYDOXH7KH(0PHWKRGLVWKRXJKWWRUHVXOWLQD
PRUHDFFXUDWHHVWLPDWHWKDQPHDQVXEVWLWXWLRQDVWKHVXEVWLWXWHGHVWLPDWHLVGHULYHGIURPWKH
VDPSOHYDULDQFHFRYDULDQFHPDWUL[7DEDFKQLFN	)LGHOO$FRPSDULVRQRIWKHLWHP


PHDQVEHIRUHDQGDIWHU(0VXEVWLWXWLRQGHPRQVWUDWHGRQO\PLQRUVKLIWVLQWKHPHDQVDQG
VWDQGDUGGHYLDWLRQVRIWKHYDULDEOHVDVVRFLDWHGZLWKWKHPRGHO
$VVXPSWLRQVRIPXOWLFROOLQHDULW\VLQJXODULW\DQGOLQHDULW\ZHUHDVVHVVHGE\
H[DPLQLQJFRUUHODWLRQVDPRQJVWWKHPRGHOYDULDEOHV$OODVVXPSWLRQVZHUHPHWZLWKELYDULDWH
UHODWLRQVKLSVIDOOLQJZHOOEHORZU DQGWROHUDQFHYDOXHVDERYH7DEDFKQLFN	)LGHOO
7KHVHFRUUHODWLRQVDUHSUHVHQWHGLQ7DEOHDORQJZLWKWKHPHDQVDQGVWDQGDUG
GHYLDWLRQVRIDOOPRGHOYDULDEOHVIRUWKHHQWLUHVDPSOH1 7RDVVHVVQRUPDOLW\ERWK
VWDQGDUGLVHGDQGDEVROXWHVNHZQHVVDQGNXUWRVLVYDOXHVZHUHH[DPLQHG:KLOHWUDGLWLRQDO
DSSURDFKHVWRDQDO\VLQJQRUPDOLW\IRFXVRQWKHGHWHUPLQDWLRQRIVWDQGDUGLVHGVNHZQHVVDQG
NXUWRVLVWKHVHPHWKRGVKDYHEHHQZLGHO\FULWLFLVHGDVWKHH[DPLQDWLRQRIVWDQGDUGLVHGYDOXHV
FDQOHDGWRLQFUHDVHVLQ7\SH,,HUURUUDWHVLQODUJHVDPSOHV7DEDFKQLFN	)LGHOO
7KXVGDWDVHWVWKDWVKRXOGEHGHHPHGDVQRUPDODUHRIWHQMXGJHGDVQRQQRUPDOOHDGLQJWR
HUURQHRXVWUDQVIRUPDWLRQVRIWKHGDWD7DEDFKQLFN	)LGHOO,QFRQWUDVW0RQWH&DUOR
VLPXODWLRQVWXGLHVKDYHFRQVLVWHQWO\LGHQWLILHGWKDWWKHGLVWULEXWLRQDOSURSHUWLHVRIODUJH
VDPSOHV1DUHFRQVLGHUHGDVYLRODWLQJQRUPDOLW\ZKHQDEVROXWHVNHZQHVVH[FHHGV
DQGRUDEVROXWHNXUWRVLV7DEDFKQLFN	)LGHOO
,QWKHSUHVHQWVWXG\ERWKVWDQGDUGLVHGDQGDEVROXWHVNHZQHVVDQGNXUWRVLVYDOXHVZHUH
H[DPLQHGKRZHYHUWKHFRQVHUYDWLYHGHFLVLRQZDVPDGHWRRQO\XQGHUWDNHGDWD
WUDQVIRUPDWLRQVIRUYDULDEOHVZKRVHVNHZQHVVDQGNXUWRVLVH[FHHGHGWKHDEVROXWHFXWRII
YDOXHV$EVROXWHDQGVWDQGDUGLVHGVNHZQHVVDQGNXUWRVLVYDOXHVDUHSUHVHQWHGLQ7DEOH
$VVKRZQLQ7DEOHRQO\WKUHHYDULDEOHVELQJHHDWLQJGLHWDU\UHVWUDLQWDQGHPRWLRQDO
RYHUHDWLQJKDGVWDQGDUGLVHGVNHZQHVVYDOXHVDERYHĮ ZKLOHQRQHRIWKH
PRGHOYDULDEOHVH[FHHGHGWKLVYDOXHIRUVWDQGDUGLVHGNXUWRVLV,QUHODWLRQWRDEVROXWHYDOXHV
DOOYDULDEOHVIHOOEHORZWKHDEVROXWHVNHZQHVVYDOXHFXWRIIRIDQGDEVROXWHNXUWRVLV


YDOXHFXWRIIRI+X	%HQWOHU7KHUHIRUHQRQHRIWKHPRGHOYDULDEOHVZHUH
VXEMHFWHGWRGDWDWUDQVIRUPDWLRQV
 
 7HVWLQJWKH0RGHO
7KHPRGHOLOOXVWUDWHGLQ)LJXUHZDVWHVWHGXVLQJSDWKDQDO\VLV7KHPRGHOZDV
HYDOXDWHGXVLQJ0D[LPXP/LNHOLKRRGHVWLPDWLRQDQGILWZDVDOVRDVVHVVHGXVLQJWKH
LQFUHPHQWDOILWLQGLFHV&),DQG7/,DQGDEVROXWHILWLQGLFHV506($DQG65057KHLQLWLDO
PRGHOUHVXOWHGLQH[FHOOHQWILWȤ1  S!&), 7/, 
506($ 6505 'HVSLWHWKHH[FHOOHQWILWRIWKHPRGHODVSHFLILFDWLRQVHDUFK
ZDVFRQGXFWHGWRLGHQWLI\DQ\QRQVLJQLILFDQWSDWKZD\VDQGWKHVHSDUDPHWHUVZHUHGHOHWHG
IURPWKHPRGHOWRHQVXUHWKHGHYHORSPHQWRIDSDUVLPRQLRXVPRGHO7RWKLVHQGDPRGHO
WULPPLQJSURFHGXUHZDVHPSOR\HGLQZKLFKDOOQRQVLJQLILFDQWSDWKZD\VZHUHGHOHWHG
VWDUWLQJZLWKWKHOHDVWVLJQLILFDQWSDWK,QOLQHZLWKWKHUHFRPPHQGDWLRQVRI%RRPVPD
WKHPRGHOWULPPLQJSURFHGXUHLQYROYHGFRQGXFWLQJDFKLVTXDUHGLIIHUHQFHWHVWDIWHUWKH
GHOHWLRQRIHDFKSDWKWRHQVXUHWKDWWKHGHOHWLRQRIDJLYHQSDWKZD\GLGQRWVLJQLILFDQWO\DOWHU
WKHPRGHOILW±DSURFHGXUHWHUPHGQHVWHGFKLVTXDUHGLIIHUHQFHWHVWLQJIRUDGHWDLOHG
H[SODQDWLRQVHH6HFWLRQ7KHWULPPLQJRIWKHPRGHOLVSUHVHQWHGLQ7DEOH
$WRWDORIQLQHQRQVLJQLILFDQWSDWKZD\VZHUHLGHQWLILHGLQWKHPRGHOKRZHYHUWKH
QHVWHGFKLVTXDUHGLIIHUHQFHWHVWLQJFRQILUPHGWKHQHHGWRGHOHWHRQO\IRXUSDWKZD\VDV
DWWHPSWVWRGHOHWHWKHUHPDLQLQJILYHSDWKZD\VUHVXOWHGLQVLJQLILFDQWFKDQJHVWRWKHPRGHO
7KXVZKLOHWKHVHQRQVLJQLILFDQWSDWKZD\VGLGQRWGLUHFWO\FRQWULEXWHWRVSHFLILFYDULDEOHV
WKH\PRVWOLNHO\FRQWULEXWHGWRWKHRYHUDOOILWRIWKHPRGHOWKURXJKLQGLUHFWDVVRFLDWLRQV7KH
ILQDOUHVSHFLILHGPRGHOUHSUHVHQWHGDV0LQ7DEOHZDVRIH[FHOOHQWILWȤ1 
 S!&), 7/, 506($ 6505 DQGLVLOOXVWUDWHGLQ
)LJXUH
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$EVROXWHDQG6WDQGDUGLVHG6NHZQHVVDQG.XUWRVLV9DOXHVIRUWKH2YHUDOO6DPSOHDFURVVWKH
0RGHO9DULDEOHV
9DULDEOH  6NHZQHVV ]6NHZQHVV .XUWRVLV ].XUWRVLV
$Q[LHW\    
$YRLGDQFH    
%LQJH(DWLQJ    
&RQVWUXFWLYH    
+\SHUDFWLYDWLRQ    
'HDFWLYDWLRQ    
3RVLWLYH$IIHFW    
1HJDWLYH$IIHFW    
'LHWDU\5HVWUDLQW    
(PRWLRQ'\VUHJ    
(PRWLRQ2YHUHDW    
1RWH$Q[LHW\ $WWDFKPHQWDQ[LHW\$YRLGDQFH $WWDFKPHQW$YRLGDQFH%LQJH(DWLQJ 6HYHULW\RIELQJH
HDWLQJEHKDYLRXUVDVPHDVXUHGE\WKH*%(6&RQVWUXFWLYH 3UREOHPIRFXVHGFRQVWUXFWLYHZD\VRIFRSLQJ
+\SHUDFWLYDWLRQ (PRWLRQIRFXVHGK\SHUDFWLYDWLQJZD\VRIFRSLQJ'HDFWLYDWLRQ (PRWLRQIRFXVHG
GHDFWLYDWLQJZD\VRIFRSLQJ'LHWDU\5HVWUDLQW 'LHWLQJDWWLWXGHVDQGEHKDYLRXUVDVPHDVXUHGE\WKH('(4
UHVWUDLQWVFDOH(PRWLRQ'\VUHJ 'LIILFXOWLHVLQHPRWLRQUHJXODWLRQDVPHDVXUHGE\WKH'(56(PRWLRQ
2YHUHDW 2YHUHDWLQJLQUHVSRQVHWRDYHUVLYHHPRWLRQVDVPHDVXUHGE\WKH(24
1        


$VLOOXVWUDWHGLQ)LJXUHDWWDFKPHQWDYRLGDQFHZDVIRXQGWRKDYHDQXPEHURI
VLJQLILFDQWDVVRFLDWLRQVLQWKHPRGHO,QOLQHZLWKH[SHFWDWLRQVDWWDFKPHQWDYRLGDQFHZDV
QHJDWLYHO\DVVRFLDWHGZLWKFRQVWUXFWLYHFRSLQJDQGSRVLWLYHDIIHFWEXWSRVLWLYHO\DVVRFLDWHG
ZLWKHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJHPRWLRQG\VUHJXODWLRQHPRWLRQDORYHUHDWLQJ
GLHWDU\UHVWUDLQWDQGQHJDWLYHDIIHFW$VVKRZQLQ)LJXUHWKHVWURQJHVWVLJQLILFDQW
DVVRFLDWLRQZDVIRXQGEHWZHHQDWWDFKPHQWDYRLGDQFHDQGFRQVWUXFWLYHFRSLQJȕ 
ZKLOHWKHZHDNHVWVLJQLILFDQWDVVRFLDWLRQZDVIRXQGEHWZHHQDYRLGDQFHDQGGLHWDU\UHVWUDLQW
ȕ )XUWKHUPRUHDWWDFKPHQWDYRLGDQFHZDVIRXQGWRKDYHDVLJQLILFDQWLQGLUHFWHIIHFW
RQELQJHHDWLQJWKURXJKWKHLQWHUPHGLDWHYDULDEOHRIHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJDQG
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SRVLWLYHDIIHFWȕ¶ DQGGLHWDU\UHVWUDLQWȕ¶ ,QGLUHFWHIIHFWVZHUHDOVRIRXQG
EHWZHHQDWWDFKPHQWDYRLGDQFHWKURXJKWKHLQWHUPHGLDWHYDULDEOHRIFRQVWUXFWLYHFRSLQJDQG
HPRWLRQG\VUHJXODWLRQȕ¶ DQGSRVLWLYHDIIHFWȕ¶ 
,QUHODWLRQWRDWWDFKPHQWDQ[LHW\WKLVZDVVLPLODUO\IRXQGWRKDYHDQXPEHURI
VLJQLILFDQWDVVRFLDWLRQVLQWKHPRGHO,QOLQHZLWKH[SHFWDWLRQVDWWDFKPHQWDQ[LHW\ZDV
QHJDWLYHO\DVVRFLDWHGZLWKFRQVWUXFWLYHFRSLQJDQGSRVLWLYHDIIHFWEXWSRVLWLYHO\DVVRFLDWHG
ZLWKHPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJHPRWLRQG\VUHJXODWLRQHPRWLRQDORYHUHDWLQJ
GLHWDU\UHVWUDLQWDQGQHJDWLYHDIIHFW$VVKRZQLQ)LJXUHWKHVWURQJHVWVLJQLILFDQW
DVVRFLDWLRQZDVIRXQGEHWZHHQDWWDFKPHQWDQ[LHW\DQGK\SHUDFWLYDWLRQFRSLQJȕ 
ZKLOHWKHZHDNHVWVLJQLILFDQWDVVRFLDWLRQZDVIRXQGEHWZHHQDWWDFKPHQWDQ[LHW\DQGGLHWDU\
UHVWUDLQWȕ )XUWKHUPRUHDWWDFKPHQWDQ[LHW\ZDVIRXQGWRKDYHVLJQLILFDQWLQGLUHFW
HIIHFWVZLWKELQJHHDWLQJWKURXJKHPRWLRQIRFXVHGK\SHUDFWLYDWLQJFRSLQJȕ¶ DQG
HPRWLRQDORYHUHDWLQJDQGGLHWDU\UHVWUDLQWȕ¶ 
 7KHWKUHHYDULDEOHVUHSUHVHQWLQJGLIIHUHQWZD\VRIFRSLQJLHFRQVWUXFWLYHFRSLQJ
HPRWLRQIRFXVHGK\SHUDFWLYDWLRQDQGHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJZHUHDOVRIRXQG
WREHVLJQLILFDQWO\DVVRFLDWHGZLWKDQXPEHURIYDULDEOHVLQWKHPRGHO,QOLQHZLWK
SUHGLFWLRQVFRQVWUXFWLYHFRSLQJZDVIRXQGWREHSRVLWLYHO\DQGVLJQLILFDQWO\DVVRFLDWHGZLWK
SRVLWLYHDIIHFWDQGQHJDWLYHO\DVVRFLDWHGZLWKHPRWLRQG\VUHJXODWLRQHPRWLRQDORYHUHDWLQJ
DQGQHJDWLYHDIIHFW'LHWDU\UHVWUDLQWZDVQRWIRXQGWREHVLJQLILFDQWO\DVVRFLDWHGZLWK
FRQVWUXFWLYHFRSLQJ,QOLQHZLWKH[SHFWDWLRQVGHDFWLYDWLRQFRSLQJZDVIRXQGWREHSRVLWLYHO\
DVVRFLDWHGZLWKSRVLWLYHDIIHFWDQGZLWKGLHWDU\UHVWUDLQW+RZHYHUWKLVYDULDEOHZDVQRW
VLJQLILFDQWO\DVVRFLDWHGZLWKQHJDWLYHDIIHFWHPRWLRQDORYHUHDWLQJRUHPRWLRQG\VUHJXODWLRQ
$OVRDVSUHGLFWHGHPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJZDVSRVLWLYHO\DQGVLJQLILFDQWO\
DVVRFLDWHGZLWKQHJDWLYHDIIHFWHPRWLRQDORYHUHDWLQJDQGHPRWLRQG\VUHJXODWLRQ,WZDVQRW
IRXQGWREHVLJQLILFDQWO\DVVRFLDWHGZLWKSRVLWLYHDIIHFWRUGLHWDU\UHVWUDLQW


)LQDOO\DQXPEHURIYDULDEOHVZHUHVLJQLILFDQWO\DVVRFLDWHGZLWKELQJHHDWLQJ,QOLQH
ZLWKH[SHFWDWLRQVHPRWLRQDORYHUHDWLQJGLHWDU\UHVWUDLQWDQGHPRWLRQG\VUHJXODWLRQZHUHDOO
VLJQLILFDQWO\SRVLWLYHO\DVVRFLDWHGZLWKELQJHHDWLQJ2IWKHVHYDULDEOHVHPRWLRQDORYHUHDWLQJ
KDGWKHKLJKHVWDVVRFLDWLRQȕ IROORZHGFORVHO\E\GLHWDU\UHVWUDLQWȕ ZKLOVWWKH
ZHDNHVWVLJQLILFDQWDVVRFLDWLRQZDVZLWKHPRWLRQG\VUHJXODWLRQȕ 1HJDWLYHDIIHFWZDV
QRWVLJQLILFDQWO\DVVRFLDWHGZLWKELQJHHDWLQJȕ /DVWO\DVSUHGLFWHGSRVLWLYHDIIHFW
ZDVQHJDWLYHO\DQGVLJQLILFDQWO\DVVRFLDWHGZLWKELQJHHDWLQJȕ 
7KHGLUHFWDQGLQGLUHFWHIIHFWVRIWKHYDULDEOHVLQWKHPRGHOSUHGLFWHGRIWKH
YDULDQFHLQELQJHHDWLQJRIWKHYDULDQFHLQHPRWLRQG\VUHJXODWLRQRIWKHYDULDQFH
LQSRVLWLYHDIIHFWRIWKHYDULDQFHLQQHJDWLYHDIIHFWRIWKHYDULDQFHLQHPRWLRQDO
RYHUHDWLQJRIWKHYDULDQFHLQGLHWDU\UHVWUDLQWRIWKHYDULDQFHLQFRQVWUXFWLYH
FRSLQJRIWKHYDULDQFHLQK\SHUDFWLYDWLRQFRSLQJDQGRIWKHYDULDQFHLQGHDFWLYDWLRQ
FRSLQJ

 0XOWLJURXS,QYDULDQFH7HVWLQJ
+DYLQJHVWDEOLVKHGWKHDVVRFLDWLRQVEHWZHHQWKHYDULDEOHVIRUWKHRYHUDOOVDPSOHWKH
PRGHOZDVVXEMHFWHGWRDPXOWLJURXSLQYDULDQFHWHVWLQZKLFKWKHUREXVWQHVVRISDWKZD\VLQ
WKHPRGHOZHUHWHVWHGVLPXOWDQHRXVO\IRUWKHWZRELQJHHDWLQJJURXSVWKDWLVLQGLYLGXDOV
ZKRUHSRUWHGQRQHWRORZELQJHHDWLQJV\PSWRPVQRQELQJHHDWLQJJURXSDQGWKH
LQGLYLGXDOVZKRUHSRUWHGPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPVELQJHHDWLQJJURXS$V
RXWOLQHGLQVHFWLRQPXOWLJURXSLQYDULDQFHWHVWLQJLQYROYHVDVVHVVLQJZKHWKHURUQRWWKH
UHODWLRQVKLSEHWZHHQWKHYDULDEOHVLQWKHPRGHOLHWKHSDWKVDUHWKHVDPHIRUGLIIHUHQW
JURXSVLHELQJHHDWHUVYHUVXVQRQELQJHHDWHUV7RGHWHUPLQHPHDVXUHPHQWLQYDULDQFH
HDFKSDWKLQWKHPRGHOLVFRQVWUDLQHGWRHTXDOLW\NQRZQDVWKHFRQVWUDLQHGPRGHODQGDFKL
VTXDUHGLIIHUHQFHWHVWLVFRQGXFWHGWRDVVHVVZKHWKHUWKHIUHHO\HVWLPDWHGPRGHOLV


VLJQLILFDQWO\GLIIHUHQWWRWKHFRQVWUDLQHGPRGHO,IDVLJQLILFDQWGLIIHUHQFHLVIRXQGWKHQWKH
VRXUFHVRIGLVFUHSDQF\LVLVRODWHGWKURXJKWKHSURFHVVRIIUHHLQJHDFKSDWKZD\RQHDWDWLPH
DQGFRQGXFWLQJDFKLVTXDUHGLIIHUHQFHWHVW,IWKLVWHVWLQGLFDWHVDVLJQLILFDQWGLIIHUHQFH
EHWZHHQPRGHOVWKHQWKHSDWKZD\FRHIILFLHQWLVGHHPHGVLJQLILFDQWO\GLIIHUHQWEHWZHHQWKH
WZRJURXSV7KHUHVXOWVRIWKHLQYDULDQFHWHVWLQJFRQGXFWHGDFURVVWKHWZRJURXSVLVSUHVHQWHG
LQ7DEOH
7KHSDWWHUQVRIWKHDVVRFLDWLRQVEHWZHHQWKHPRGHOYDULDEOHVIRUWKHWZRJURXSVDUH
SUHVHQWHGLQ)LJXUHVDQG6SHFLILFDOO\WKHWZRJURXSVLHQRQELQJHHDWLQJDQG
ELQJHHDWLQJJURXSVGLIIHUHGDFURVVVL[SDWKZD\VLQWKHPRGHO$VLJQLILFDQWGLIIHUHQFHZDV
IRXQGLQWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDYRLGDQFHDQGHPRWLRQG\VUHJXODWLRQZLWKWKLV
HIIHFWVLJQLILFDQWO\VWURQJHUIRUWKHELQJHHDWLQJJURXSȕ FRPSDUHGWRWKHQRQELQJH
HDWLQJJURXSȕ $VLJQLILFDQWGLIIHUHQFHZDVDOVRIRXQGIRUWKHDVVRFLDWLRQEHWZHHQ
DWWDFKPHQWDYRLGDQFHDQGSRVLWLYHDIIHFWZLWKWKHDVVRFLDWLRQEHLQJVLJQLILFDQWO\VWURQJHUIRU
WKHQRQELQJHHDWLQJJURXSȕ FRPSDUHGWRWKHELQJHHDWLQJJURXSȕ ,Q
UHODWLRQWRWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDYRLGDQFHDQGQHJDWLYHDIIHFWWKLVUHODWLRQVKLS
ZDVVLJQLILFDQWO\KLJKHUIRUWKHELQJHHDWLQJJURXSȕ WKDQWKHQRQELQJHHDWLQJJURXS
ȕ $VLJQLILFDQWGLIIHUHQFHZDVDOVRIRXQGEHWZHHQWKHJURXSVIRUWKHUHODWLRQVKLS
EHWZHHQHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJDQGGLHWDU\UHVWUDLQWZLWKWKLVDVVRFLDWLRQ
VWURQJHUIRUWKHELQJHHDWLQJJURXSȕ FRPSDUHGWRWKHQRQELQJHHDWLQJJURXSȕ 
,QYDULDQFHWHVWLQJDOVRUHYHDOHGDVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHWZRJURXSVIRUWKH
DVVRFLDWLRQEHWZHHQHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJDQGQHJDWLYHDIIHFWZLWKWKH
DVVRFLDWLRQVWURQJHUIRUWKHQRQELQJHHDWLQJJURXSȕ FRPSDUHGWRWKHELQJHHDWLQJ
JURXSȕ )LQDOO\DVLJQLILFDQWGLIIHUHQFHZDVIRXQGEHWZHHQWKHJURXSVIRUWKH
DVVRFLDWLRQEHWZHHQHPRWLRQDORYHUHDWLQJDQGELQJHHDWLQJ6SHFLILFDOO\WKLVDVVRFLDWLRQZDV
VWURQJHUIRUWKHELQJHHDWLQJJURXSȕ FRPSDUHGWRWKHQRQELQJHHDWLQJJURXSȕ 

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7DEOH
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&+$37(5
5HVXOWV)RRGDQG$WWDFKPHQW)XQFWLRQV
 2YHUYLHZRI$QDO\VHV
,QWKLVFKDSWHUWKHDQDO\VHVSHUWDLQLQJWRUHVHDUFKDLPWZRDUHSUHVHQWHG6SHFLILFDOO\
WZRTXHVWLRQVDUHH[DPLQHG'RHVIRRGIXOILODWWDFKPHQWQHHGVDQGGRHVWKLVGLIIHUIRU
SHRSOHZKRUHSRUWPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPVFRPSDUHGWRSHRSOHZKRUHSRUW
OLWWOHWRQRV\PSWRPV"D:KHUHLQWKHDWWDFKPHQWKLHUDUFK\LVIRRGSRVLWLRQHGDQG
GRHVWKLVGLIIHUIRUSHRSOHZKRUHSRUWPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPVFRPSDUHGWR
SHRSOHZKRUHSRUWOLWWOHWRQRV\PSWRPV"E
7RDGGUHVVWKHVHTXHVWLRQVWKHUHVXOWVSUHVHQWHGLQWKLVFKDSWHULQYHVWLJDWH
GLIIHUHQFHVLQWKHUDQNLQJRIIRRGLQDWWDFKPHQWKLHUDUFKLHVIRUQRQELQJHHDWLQJDQGELQJH
HDWLQJSDUWLFLSDQWVFDWHJRULVHGDVWKRVHZLWKQRQHWRORZELQJHHDWLQJV\PSWRPVDQGWKRVH
ZLWKPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPVUHVSHFWLYHO\DVRXWOLQHGLQWKH0HWKRG
6HFWLRQ

 'DWD6FUHHQLQJDQG7UHDWPHQW
7KHGDWDZHUHFKHFNHGIRUPLVVLQJQHVVDFURVVWKHYDULRXVLWHPVDVVRFLDWHGZLWKWKH
DWWDFKPHQWPHDVXUH$$4DQGWKH%LQJH(DWLQJ6FDOH%(6$OOGDWDHQWULHVZHUHFKHFNHG
WRHQVXUHWKDWDOOYDOXHVIHOOZLWKLQVFDOHUDQJHV,QUHJDUGVWRWKH:+2725QRPLVVLQJ
GDWDZDVUHSODFHGEHFDXVHPLVVLQJGDWDLQGLFDWHGWKDWDSDUWLFXODUDWWDFKPHQWILJXUHRUIRRG
ZDVQRWSUHVHQWLQWKHDWWDFKPHQWKLHUDUFK\RILQGLYLGXDOV
0LVVLQJYDOXHVZHUHIRXQGDFURVVPXOWLSOHLWHPVDVVRFLDWHGZLWKWKH$$4DQG%(6
KRZHYHUWKHSURSRUWLRQRIPLVVLQJYDOXHVIRUDQ\JLYHQLWHPZDVQRKLJKHUWKDQ$
PLVVLQJYDOXHDQDO\VLV09$ZDVFRQGXFWHGDQGUHYHDOHGWKDWPLVVLQJYDOXHVRFFXUUHGDW
UDQGRP$VWKHSHUFHQWDJHRIUDQGRPPLVVLQJGDWDZDVORZPLVVLQJYDOXHVZHUHDEOHWREH


VXEVWLWXWHGXVLQJWKH([SHFWDWLRQ0D[LPLVDWLRQ(0PHWKRGIRUDGHVFULSWLRQRIWKLV
PHWKRGVHH6HFWLRQ$FRPSDULVRQRIWKHLWHPPHDQVEHIRUHDQGDIWHU(0VXEVWLWXWLRQ
GHPRQVWUDWHGRQO\PLQRUVKLIWVLQWKHPHDQVDQGVWDQGDUGGHYLDWLRQVRIWKHVFDOHVDVVRFLDWHG
ZLWKWKH$$4DQG*%(6
$VVXPSWLRQVRIPXOWLFROOLQHDULW\VLQJXODULW\DQGOLQHDULW\ZHUHDVVHVVHGE\
H[DPLQLQJFRUUHODWLRQVDPRQJVWWKHYDULDEOHV$OODVVXPSWLRQVZHUHPHWZLWKELYDULDWH
UHODWLRQVKLSVIDOOLQJZHOOEHORZU DQGWROHUDQFHYDOXHVDERYH7DEDFKQLFN	)LGHOO
7KHVHFRUUHODWLRQVDUHSUHVHQWHGLQ7DEOH7RDVVHVVQRUPDOLW\ERWKVWDQGDUGLVHG
DQGDEVROXWHVNHZQHVVDQGNXUWRVLVYDOXHVZHUHH[DPLQHGEDVHGRQWKHVDPHUDWLRQDOHDQG
FXWRIIRXWOLQHGLQ6HFWLRQ$VSUHVHQWHGLQ7DEOHZKLOHQXPHURXVYDULDEOHVGLG
H[FHHGWKHVWDQGDUGLVHGFXWRIIYDOXHVVNHZQHVVDQGNXUWRVLV!Į QR
YDULDEOHVH[FHHGHGWKHDEVROXWHFXWRIIYDOXHV$VDUHVXOWQRGDWDWUDQVIRUPDWLRQVZHUH
XQGHUWDNHQ
7DEOH
&RUUHODWLRQ0DWUL[IRUWKH2YHUDOO6DPSOHDFURVVWKH:+2725$$4DQG%(6*OREDO
6FDOHV
 9DULDEOH          
 $Q[LHW\          
 $YRLGDQFH          
 %LQJH(DWLQJ          
 :+27250RWKHU          
 :+2725)DWKHU          
 :+27256LEOLQJ          
 :+27253DUWQHU          
 :+2725)ULHQG          
 :+2725)RRG          
 :+27252WKHU          
1 SS


7DEOH
$EVROXWHDQG6WDQGDUGLVHG6NHZQHVVDQG.XUWRVLV9DOXHVIRUWKH2YHUDOO6DPSOHDFURVVWKH
$$4%(6DQG:+27256FDOHV
9DULDEOH  )LJXUH)RRG 6NHZQHVV ]6NHZQHVV .XUWRVLV ].XUWRVLV
$Q[LHW\     
$YRLGDQFH     
%LQJH(DWLQJ     
:+2725*OREDO     
 0RWKHU    
 )DWKHU    
 6LEOLQJ    
 3DUWQHU    
 )ULHQG    
 )RRG    
 2WKHU    
:+27253UR[6HHN     
 0RWKHU    
 )DWKHU    
 6LEOLQJ    
 3DUWQHU    
 )ULHQG    
 )RRG    
 2WKHU    
:+27256DIH+DYHQ     
 0RWKHU    
 )DWKHU    
 6LEOLQJ    
 3DUWQHU    
 )ULHQG    
 )RRG    
 2WKHU    
:+27256HFXUH%     
 0RWKHU    
 )DWKHU    
 6LEOLQJ    
 3DUWQHU    
 )ULHQG    
 )RRG    
 2WKHU    
1RWH:+27253UR[6HHN 3UR[LPLW\6HHNLQJVXEVFDOHRQWKH:+2725:+27256HFXUH% 6HFXUH
%DVH6XEVFDOHRQWKH:+2725
1 SS7ZRWDLOHG




 $WWDFKPHQW+LHUDUFKLHVIRUWKH2YHUDOO6DPSOH

,QWKLVVHFWLRQWKHUDQNLQJRIDWWDFKPHQWILJXUHVDQGIRRGLQWKHDWWDFKPHQW
KLHUDUFKLHVRISDUWLFLSDQWVLVUHSRUWHG$OOSDUWLFLSDQWVUDQNHGIRRGLQDWOHDVWRQHTXHVWLRQRQ
WKH:+2725VXJJHVWLQJWKDWIRUVRPHSHRSOHIRRGVHUYHVDWOHDVWRQHDWWDFKPHQW
IXQFWLRQ%UHDNGRZQIRUWZRJURXSV±ERWKELQJHHDWLQJDQGQRQELQJHHDWLQJSDUWLFLSDQWV
HQGRUVHIRRGDVVHUYLQJDWOHDVWRQHDWWDFKPHQWIXQFWLRQ
$VVKRZQLQ7DEOHWKHSUHVHQWDWLRQRIPHDQUDQNLQJVIRUDWWDFKPHQWILJXUHVDQG
IRRGDUHSURYLGHGIRUWKH:+2725JOREDOVFDOH$GGLWLRQDOO\WKHPHDQUDQNLQJVIRU
DWWDFKPHQWILJXUHVDQGIRRGDUHSURYLGHGIRUWKHWKUHHVXEVFDOHVWKDWUHSUHVHQWWKHWKUHH
DWWDFKPHQWIXQFWLRQVFRQVWLWXWLQJWKH:+2725±SUR[LPLW\VHHNLQJVDIHKDYHQDQGVHFXUH
EDVH0HDQVDQGVWDQGDUGGHYLDWLRQVDUHDOVRSUHVHQWHGIRUDWWDFKPHQWDQ[LHW\DQGDYRLGDQFH
DVZHOODVWKH*%(66SHFLILFDOO\LQWHUPVRIJOREDOUDQNLQJVSDUWQHUVZHUHUDQNHGKLJKHVW
LQWKHDWWDFKPHQWKLHUDUFKLHVRIWKHVDPSOHIROORZHGE\IULHQGVDQGPRWKHUV1H[WPRVW
KLJKO\UDQNHGDFURVVDOODWWDFKPHQWIXQFWLRQVZDVWKHµRWKHU¶RSWLRQZKLFKSDUWLFLSDQWVXVHG
WRQRPLQDWHVXFKUHVSRQVHVDVFKLOGUHQ*RGH[SDUWQHUVDQGRWKHUUHODWLYHVLHFRXVLQV
DXQWLHV)RRGUDQNHGQH[WKLJKHVWRYHUDOOPDNLQJLWPRUHRIWHQXVHGWRIXOILODWWDFKPHQW
IXQFWLRQVIRUSDUWLFLSDQWVWKDQERWKVLEOLQJVDQGIDWKHUV
:KHQH[DPLQLQJWKHVHUDQNLQJVDFURVVWKHYDULRXVDWWDFKPHQWIXQFWLRQVDVLPLODU
SDWWHUQHPHUJHV)RUSUR[LPLW\VHHNLQJSDUWQHUVUDQNHGWKHKLJKHVWDPRQJVWSDUWLFLSDQWV
IROORZHGE\IULHQGVRWKHUDQGFORVHO\IROORZHGE\PRWKHU)RRGZDVUDQNHGWKHORZHVW7KH
VDPHUDQNLQJRUGHUHPHUJHGIRUVDIHKDYHQZLWKDURPDQWLFSDUWQHUDJDLQEHLQJWKHPRVW
KLJKO\UDQNHGILJXUHIROORZHGE\IULHQGVRWKHUDQGPRWKHU)RRGZDVUDQNHGQH[WKLJKHVWLQ
WKLVVXEVFDOH)RUWKHVHFXUHEDVHIXQFWLRQSDUWQHUVUHPDLQHGWKHPRVWKLJKO\UDQNHG
DWWDFKPHQWILJXUHKRZHYHUWKLVWLPHPRWKHUZDVUDQNHGDVWKHVHFRQGKLJKHVWIROORZHGE\
IULHQGVDQGIDWKHUUHVSHFWLYHO\)RRGZDVUDQNHGWKHORZHVW


7DEOH
0HDQVDQG6WDQGDUG'HYLDWLRQVDFURVVWKH$$4%(6DQG:+27256FDOHVIRUWKH2YHUDOO
6DPSOH
9DULDEOH )LJXUH)RRG 0 6'
$Q[LHW\   
$YRLGDQFH   
%LQJH(DWLQJ   
:+272*OREDO   
0RWKHU  
)DWKHU  
6LEOLQJ  
3DUWQHU  
)ULHQG  
)RRG  
2WKHU  
:+27253UR[LPLW\6HHNLQJ   
0RWKHU  
)DWKHU  
6LEOLQJ  
3DUWQHU  
)ULHQG  
)RRG  
2WKHU  
:+27256DIH+DYHQ   
0RWKHU  
)DWKHU  
6LEOLQJ  
3DUWQHU  
)ULHQG  
)RRG  
2WKHU  
:+27256HFXUH%DVH   
0RWKHU  
)DWKHU  
6LEOLQJ  
3DUWQHU  
)ULHQG  
)RRG  
2WKHU  






 $WWDFKPHQW+LHUDUFKLHVRI%LQJH(DWHUVFRPSDUHGWR1RQ%LQJH(DWHUV

7RGHWHUPLQHWKHPHDQUDQNLQJRIIRRGLQWKHDWWDFKPHQWKLHUDUFKLHVRILQGLYLGXDOV
ZKRH[SHULHQFHPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPVELQJHHDWLQJJURXSFRPSDUHGWR
WKRVHZKRH[SHULHQFHQRQHWRORZV\PSWRPVQRQELQJHHDWLQJJURXSDVHULHVRIGLIIHUHQFH
WHVWDQDO\VHVZHUHSHUIRUPHG,QRUGHUWRHQVXUHKLJKVWDWLVWLFDOSRZHULQFRQGXFWLQJ
GLIIHUHQFHWHVWVWKHVDPSOHZDVGLYLGHGLQWRWZRJURXSVWKHELQJHHDWLQJJURXSQ 
DQGWKHQRQELQJHHDWLQJJURXSQ EDVHGRQ%(6FXWRIIYDOXHVRXWOLQHGE\*RUPDOO\
HWDODQGDVGHVFULEHGLQ6HFWLRQVDQG
%DVHGRQWKLVFODVVLILFDWLRQDVHULHVRIWWHVWVZLWK)DPLO\ZLVH%RQIHUURQLFRUUHFWLRQV
ZHUHFRQGXFWHGWRH[DPLQHZKHWKHUWKHWZRJURXSVGLIIHUHGRQVFRUHVRIWKHDWWDFKPHQW
GLPHQVLRQVDQGWKH:+2725JOREDOVFDOHDQG:+2725VXEVFDOHVSUR[LPLW\VHHNLQJ
VDIHKDYHQDQGVHFXUHEDVH:KLOH0$129$ZRXOGKDYHEHHQDSUHIHUUHGPHWKRGRI
GLIIHUHQFHWHVWLQJGXHWRWKHRULVHGDQGHPSLULFDOUHODWHGQHVVEHWZHHQDWWDFKPHQWGLPHQVLRQV
RUWKHDWWDFKPHQWIXQFWLRQVDNH\DVVXPSWLRQRI0$129$LVWKDWGHSHQGHQWYDULDEOHVQHHG
WREHFRUUHODWHGDWRUJUHDWHU7DEDFKQLFN	)LGHO+RZHYHUWKHFRUUHODWLRQ
EHWZHHQWKHDWWDFKPHQWGLPHQVLRQVGLGQRWH[FHHGIRUHLWKHUJURXSQRUGLGWKH
FRUUHODWLRQVIRUWKH:+2725JOREDOVFDOHDQGWKH:+2725VXEVFDOHVUHSUHVHQWLQJWKH
WKUHHDWWDFKPHQWIXQFWLRQV6SHFLILFDOO\6SHDUPDQFRUUHODWLRQVSUHVHQWHGLQ7DEOHV
DQGIRUWKHUDQNLQJRIDWWDFKPHQWILJXUHVDQGIRRGDFURVVWKHDWWDFKPHQWIXQFWLRQV
UHYHDOHGZHDNWRPRGHUDWHFRUUHODWLRQVLHU&RQVHTXHQWO\WKHDSSURSULDWH
DQDO\VHVWRXQGHUWDNHZHUHWWHVWVZLWK7\SH,HUURUFRUUHFWLRQV)RUDOOWWHVWVWKHDVVXPSWLRQ
RIKRPRJHQHLW\RIYDULDQFHZDVVDWLVILHGIRUDOOFRPSDULVRQVZLWKWKHH[FHSWLRQRIWKH
FRPSDULVRQIRUELQJHHDWLQJ$VDUHVXOWRIWKHYLRODWLRQWRKRPRJHQHLW\RIYDULDQFHIRUELQJH
HDWLQJD*UHHQKRXVH*HLVVHUDGMXVWPHQWZDVHPSOR\HGIRUWKLVWWHVW



7DEOH
&RUUHODWLRQVIRU5DQNLQJRI$WWDFKPHQW)LJXUHV)RRGRQWKH:+27253UR[LPLW\6HHNLQJ
6FDOH
 )LJXUH)RRG       
 0RWKHU      
 )DWKHU      
 6LEOLQJ       
 3DUWQHU       
 )ULHQG       
 )RRG       
 2WKHU       
&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHOWDLOHG      
&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHOWDLOHG

7DEOH
&RUUHODWLRQVIRU5DQNLQJRI$WWDFKPHQW)LJXUHV)RRGRQWKH:+27256DIH+DYHQ6FDOH
 )LJXUH)RRG       
 0RWKHU      
 )DWKHU      
 6LEOLQJ       
 3DUWQHU       
 )ULHQG       
 )RRG       
 2WKHU       
&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHOWDLOHG      
&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHOWDLOHG

7DEOH

&RUUHODWLRQVIRU5DQNLQJRI$WWDFKPHQW)LJXUHV)RRGRQWKH:+27256HFXUH%DVH6FDOH
 )LJXUH)RRG       
 0RWKHU      
 )DWKHU      
 6LEOLQJ       
 3DUWQHU       
 )ULHQG       
 )RRG       
 2WKHU       
&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHOWDLOHG      
&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHOWDLOHG      


$VSUHVHQWHGLQ7DEOHDQGLQOLQHZLWKH[SHFWDWLRQVEDVHGRQWKHFXWRIIFULWHULD
XVHGWRFDWHJRULVHSDUWLFLSDQWVLQWRWKHWZRJURXSVDQGDVDPDQLSXODWLRQFKHFNWKHELQJH
HDWLQJJURXSUHSRUWHGVLJQLILFDQWO\KLJKHUPHDQVFRUHVIRUELQJHHDWLQJFRPSDUHGWRWKHQRQ
ELQJHHDWLQJJURXS*UHHQKRXVH*HLVVHUDGMXVWPHQWW>@ S,QUHODWLRQ
WRWKHDWWDFKPHQWGLPHQVLRQVWKHELQJHHDWLQJJURXSUHSRUWHGVLJQLILFDQWO\KLJKHUPHDQ
VFRUHVRQDWWDFKPHQWDYRLGDQFHW SDQGDQ[LHW\W S
%RQIHUURQLDGMXVWPHQWĮ  
,QUHODWLRQWRWKHDWWDFKPHQWKLHUDUFK\RYHUDOOUDQNLQJVLH:+2725JOREDO
VFDOHIRRGZDVUDQNHGVLJQLILFDQWO\KLJKHULQWKHDWWDFKPHQWKLHUDUFK\IRUSHRSOHLQWKH
ELQJHHDWLQJJURXSFRPSDUHGWRWKHQRQELQJHHDWLQJJURXSVHH7DEOHW S
%RQIHUURQLDGMXVWPHQWĮ  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LQWKHDWWDFKPHQWKLHUDUFK\IRUWKHJOREDO:+2725VFRUHFRPSDUHGWRRIWKHQRQ
ELQJHHDWLQJJURXS:KLOHWKLVGLIIHUHQFHZDVQRWVLJQLILFDQWZKHQWKH%RQIHUURQL
FRUUHFWLRQZDVPDGHWKHGLIIHUHQFHZDVVLJQLILFDQWZKHQORRNLQJDWWKHFXPXODWLYH
QXPEHURISDUWLFLSDQWVZKRUDQNHGIRRGLQHLWKHUILUVWRUVHFRQGSRVLWLRQLQWKHLU
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IRXQGIRUWKHJURXSSHUFHQWDJHVRIILUVWDQGVHFRQGUDQNLQJVIRU³IRRG´KRZHYHU
VLJQLILFDQWGLIIHUHQFHVZHUHIRXQGIRUWKHUDQNLQJVRI³SDUWQHU´ZKHUHRIWKHQRQ
ELQJHHDWLQJJURXSUDQNHGSDUWQHUDVHLWKHUILUVWRUVHFRQGPRVWLPSRUWDQWLQWKHLU
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EHWZHHQWKHYDULDEOHVDVVRFLDWHGZLWKWKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJHHDWLQJ
DQGIRUKRZIRRGPD\EHXVHGDVDVXEVWLWXWHDWWDFKPHQWILJXUHE\SHRSOHZKRELQJHHDW
$VGLVFXVVHGLQ&KDSWHUWKHSDWKDQDO\WLFPRGHOLQFRUSRUDWLQJDWWDFKPHQWZDVWHVWHG
DQGGHPRQVWUDWHGH[FHOOHQWILWLQGLFDWLQJWKHFRQWULEXWLRQRIDWWDFKPHQWWRWKHYDULRXV
FRSLQJUHJXODWRU\DQGDIIHFWLYHIDFWRUVWKDWOHDGWRWKHGHYHORSPHQWDQGPDLQWHQDQFHRI
ELQJHHDWLQJ)XUWKHUPRUH*URXSLQYDULDQFHWHVWLQJUHYHDOHGWKDWDWWDFKPHQWLVGLUHFWO\
DQGLQGLUHFWO\UHODWHGWRELQJHHDWLQJV\PSWRPDWRORJ\WKURXJKHPRWLRQIRFXVHG
K\SHUDFWLYDWLQJDQGGHDFWLYDWLQJVWUDWHJLHVDVZHOODVHPRWLRQDORYHUHDWLQJHPRWLRQ
G\VUHJXODWLRQSRVLWLYHDIIHFWQHJDWLYHO\UHODWHGDQGGLHWDU\UHVWUDLQW,Q&KDSWHULW
ZDVGHPRQVWUDWHGWKDWIRRGGRHVIXOILOWKHDWWDFKPHQWQHHGVRIDGXOWVDQGLVUDQNHG
VLJQLILFDQWO\KLJKHUIRUSHRSOHZKRHQJDJHLQELQJHHDWLQJSDUWLFXODUO\IRUWKHDWWDFKPHQW
QHHGDVVRFLDWHGZLWKVHHNLQJIRRGWRDWWDLQDVHQVHRIVHFXULW\
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DQGWKHLPSOLFDWLRQVRIWKLVUHVHDUFKIRUWKHUDS\DQGSUDFWLFHLQELQJHHDWLQJLVSUHVHQWHG7KH
FKDSWHUEHJLQVZLWKDGLVFXVVLRQRIWKHILQGLQJVDVVRFLDWHGZLWKWKHK\SRWKHVLVHGPRGHO
SURSRVHGLQ)LJXUHLQZKLFKDWWDFKPHQWZDVOLQNHGWRELQJHHDWLQJWKURXJKDVHULHVRI
FRSLQJDQGUHJXODWRU\DQGDIIHFWLYHYDULDEOHV7KLVLVWKHQIROORZHGE\DGLVFXVVLRQRIWKH
ILQGLQJVUHJDUGLQJWKHUDQNLQJRIIRRGLQWKHDWWDFKPHQWKLHUDUFKLHVRISHRSOHZKRH[SHULHQFH
PRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPVFRPSDUHGWRSHRSOHZKRUHSRUWOLWWOHWRQR
V\PSWRPV/LPLWDWLRQVRIWKHVWXG\DQGIXWXUHGLUHFWLRQVIRULQYHVWLJDWLRQDUHSUHVHQWHG
IROORZHGE\DFRQVLGHUDWLRQRIWKHUHVHDUFKLPSOLFDWLRQV7KHFKDSWHUFRQFOXGHVZLWKDILQDO
VXPPDU\RIWKHPDMRUILQGLQJV
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 $WWDFKPHQWDQGLWV$VVRFLDWLRQZLWK%LQJH(DWLQJ
7KHILUVWPDMRUDLPRIWKLVWKHVLVZDVWRH[DPLQHWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQW
DQGELQJHHDWLQJWKURXJKWKHYDULRXVFRSLQJDQGUHJXODWRU\VWUDWHJLHVDQGDIIHFWLYHIDFWRUV
WKDWKDYHUHFHLYHGDWWHQWLRQLQWKHELQJHHDWLQJDQGDWWDFKPHQWOLWHUDWXUHV7KHVHDGGLWLRQDO
UHJXODWRU\IDFWRUVLQFOXGHGHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQWKHH[SHULHQFHRI
QHJDWLYHDQGSRVLWLYHDIIHFWDQGGLHWDU\UHVWUDLQW7KHSURSRVHGDVVRFLDWLRQVDPRQJVWWKHVH
YDULDEOHVZHUHSUHVHQWHGLQDK\SRWKHVLVHGPRGHOLOOXVWUDWHGLQ)LJXUHXSRQZKLFKVL[
K\SRWKHVHVZHUHGHULYHG7ZRDGGLWLRQDOUHVHDUFKTXHVWLRQVZHUHGHYHORSHGWRH[SORUHJURXS
GLIIHUHQFHV,QRUGHUWRFRPSUHKHQVLYHO\WHVWWKHVHK\SRWKHVHVDQGUHVHDUFKTXHVWLRQVWKH
PRGHOGHSLFWHGLQ)LJXUHZDVWHVWHGRQWKHHQWLUHVDPSOHDQGDWWKHJURXSOHYHOE\
FRPSDULQJSDUWLFLSDQWVZKRUHSRUWHGPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPVZLWK
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SDUWLFLSDQWVZKRUHSRUWHGOLWWOHWRQRV\PSWRPV)RUVLPSOLFLW\RIWHUPLQRORJ\DQGFRQVLVWHQW
ZLWKWKHWHUPVXVHGWKURXJKRXW&KDSWHUWKHVHWZRJURXSVDUHUHIHUUHGWKURXJKRXWWKH
GLVFXVVLRQDVWKHELQJHHDWLQJJURXSDQGWKHQRQELQJHHDWLQJJURXS,QJHQHUDOWKHILQGLQJV
ODUJHO\VXSSRUWHGWKHK\SRWKHVHVKRZHYHUPXOWLJURXSLQYDULDQFHWHVWLQJUHYHDOHGWKDWWKH
PDJQLWXGHRIVRPHRIWKHUHODWLRQVKLSVGLIIHUHGEHWZHHQWKHELQJHHDWLQJDQGQRQELQJH
HDWLQJJURXSV7KHILQGLQJVSHUWDLQLQJWRHDFKRIWKHVL[K\SRWKHVHVDQGWZRUHVHDUFK
TXHVWLRQVDUHSUHVHQWHGLQ6HFWLRQDQGGLVFXVVHGLQ6HFWLRQ

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,QH[DPLQLQJWKHDVVRFLDWLRQVEHWZHHQDWWDFKPHQWDQGWKHYDULDEOHVLOOXVWUDWHGLQ
)LJXUHDVHULHVRIGLUHFWHIIHFWVZHUHK\SRWKHVLVHG7KHVHGLUHFWHIIHFWVDUHHQFDSVXODWHG
DFURVVVL[K\SRWKHVHV7KHVHK\SRWKHVHVDUHUHLWHUDWHGWRGUDZWKHUHDGHUWRWKHSUHGLFWLRQV
PDGHDVSDUWRI)LJXUH)LUVWO\LWZDVK\SRWKHVLVHGWKDWDDWWDFKPHQWDQ[LHW\ZLOOEH
QHJDWLYHO\DVVRFLDWHGZLWKFRQVWUXFWLYHFRSLQJDQGSRVLWLYHDIIHFWSRVLWLYHO\DVVRFLDWHGZLWK
HPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJVWUDWHJLHVHPRWLRQDORYHUHDWLQJHPRWLRQ
G\VUHJXODWLRQQHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQW6HFRQGO\LWZDVK\SRWKHVLVHGWKDWE
DWWDFKPHQWDYRLGDQFHZLOOEHQHJDWLYHO\DVVRFLDWHGZLWKFRQVWUXFWLYHFRSLQJDQGSRVLWLYH
DIIHFWDQGSRVLWLYHO\DVVRFLDWHGZLWKHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJVWUDWHJLHV
HPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQQHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQW7KLUGO\LW
ZDVK\SRWKHVLVHGWKDWDFRQVWUXFWLYHFRSLQJZLOOEHQHJDWLYHO\DVVRFLDWHGZLWKHPRWLRQDO
RYHUHDWLQJHPRWLRQG\VUHJXODWLRQQHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQWDQGSRVLWLYHO\
DVVRFLDWHGZLWKSRVLWLYHDIIHFW)RXUWKO\LWZDVK\SRWKHVLVHGWKDWEHPRWLRQIRFXVHG
GHDFWLYDWLRQFRSLQJZLOOEHSRVLWLYHO\DVVRFLDWHGZLWKHPRWLRQDORYHUHDWLQJHPRWLRQ
G\VUHJXODWLRQQHJDWLYHDQGSRVLWLYHDIIHFWDQGGLHWDU\UHVWUDLQW)LIWKO\LWZDVK\SRWKHVLVHG
WKDWFHPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJZLOOEHSRVLWLYHO\DVVRFLDWHGZLWKHPRWLRQDO


RYHUHDWLQJHPRWLRQG\VUHJXODWLRQQHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQWDQGQHJDWLYHO\
DVVRFLDWHGZLWKSRVLWLYHDIIHFW)LQDOO\LWZDVK\SRWKHVLVHGWKDWDHPRWLRQDORYHUHDWLQJ
HPRWLRQG\VUHJXODWLRQQHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQWZLOOEHSRVLWLYHO\DVVRFLDWHGZLWK
ELQJHHDWLQJDQGSRVLWLYHDIIHFWZLOOEHQHJDWLYHO\DVVRFLDWHGZLWKELQJHHDWLQJ
)XUWKHUPRUHWZRUHVHDUFKTXHVWLRQVZHUHSURSRVHGXQGHUWKHILUVWDLPRIWKLVWKHVLV
D'RLQGLYLGXDOVZKRUHSRUWPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPDWRORJ\VFRUHKLJKHU
RQDWWDFKPHQWDQ[LHW\DQGDYRLGDQFHFRPSDUHGWRLQGLYLGXDOVUHSRUWLQJOLWWOHLIDQ\ELQJH
HDWLQJV\PSWRPV"E'RWKHDVVRFLDWLRQVSURSRVHGLQ)LJXUHEHWZHHQDWWDFKPHQW
FRSLQJHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQSRVLWLYHDQGQHJDWLYHDIIHFWGLHWDU\
UHVWUDLQWDQGELQJHHDWLQJGLIIHUIRULQGLYLGXDOVZKRUHSRUWPRGHUDWHWRVHYHUHELQJHHDWLQJ
V\PSWRPDWRORJ\FRPSDUHGWRLQGLYLGXDOVUHSRUWLQJOLWWOHLIDQ\ELQJHHDWLQJV\PSWRPV"
7KHILQGLQJVODUJHO\VXSSRUWHGWKHSURSRVHGK\SRWKHVHV+RZHYHULQDGGLWLRQWRWKH
GLUHFWHIIHFWVSURSRVHGDVHULHVRILQGLUHFWHIIHFWVZHUHIRXQG7KHVHLQGLUHFWHIIHFWVSURYLGH
HYLGHQFHWKDWDFRPSOH[LQWHUSOD\H[LVWVEHWZHHQDWWDFKPHQWFRSLQJDQGWKHRWKHUUHJXODWRU\
DQGDIIHFWLYHIDFWRUVWHVWHGDVSDUWRIWKHPRGHOWKDWLPSDFWRQELQJHHDWLQJV\PSWRPDWRORJ\
7KXVLQGLVFXVVLQJHDFKRIWKHK\SRWKHVHVLQ6HFWLRQWKHILQGLQJVSHUWDLQLQJWRWKHVH
LQGLUHFWHIIHFWVDUHDOVRSUHVHQWHGDQGSHUWLQHQWOLWHUDWXUHWRDVVLVWLQWKHLQWHUSUHWDWLRQRI
WKHVHFRPSOH[ILQGLQJVLVLQWHJUDWHGDVSDUWRIWKHH[SODQDWLRQRIUHVXOWV0RUHRYHUJLYHQ
WKDWJURXSGLIIHUHQFHVDFURVVVRPHDVVRFLDWLRQVZHUHIRXQGEHWZHHQWKHELQJHHDWLQJDQG
QRQEHLQJHDWLQJJURXSWKHGLVFXVVLRQRIILQGLQJVDVVRFLDWHGZLWKK\SRWKHVHVDWRDDOVR
GLVFXVVHGWRDGGUHVVWKHWZRUHVHDUFKTXHVWLRQVDDQGE

 'LVFXVVLRQRI)LQGLQJV
,QVXSSRUWRIK\SRWKHVLVDDWWDFKPHQWDQ[LHW\ZDVIRXQGWREHQHJDWLYHO\
DVVRFLDWHGZLWKFRQVWUXFWLYHFRSLQJDQGSRVLWLYHDIIHFWDQGSRVLWLYHO\DVVRFLDWHGZLWK


HPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQ
QHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQW,QVXSSRUWRIK\SRWKHVLVEDWWDFKPHQWDYRLGDQFHZDV
IRXQGWREHQHJDWLYHO\DVVRFLDWHGZLWKFRQVWUXFWLYHFRSLQJDQGSRVLWLYHO\DVVRFLDWHGZLWK
HPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQQHJDWLYH
DIIHFWDQGGLHWDU\UHVWUDLQW+RZHYHULQFRQWUDVWZLWKH[SHFWDWLRQVDWWDFKPHQWDYRLGDQFH
ZDVSRVLWLYHO\DVVRFLDWHGZLWKSRVLWLYHDIIHFW
7KHDVVRFLDWLRQVEHWZHHQWKHDWWDFKPHQWGLPHQVLRQVDQGFRSLQJVWUDWHJLHVVKRZHG
FRQVLVWHQWSDWWHUQVIRUWKHHQWLUHVDPSOHDQGDFURVVWKHELQJHHDWLQJDQGQRQELQJHHDWLQJ
JURXSVVXJJHVWLQJWKDWWKHDVVRFLDWLRQVEHWZHHQDWWDFKPHQWDQGFRSLQJDUHQRWPRGHUDWHGE\
ELQJHHDWLQJ7KHILQGLQJVDUHFRQVLVWHQWZLWKQXPHURXVVWXGLHVLQWKHDWWDFKPHQWOLWHUDWXUH
WKDWVXJJHVWWKHK\SHUDFWLYDWLQJVWUDWHJLHVDVVRFLDWHGZLWKDWWDFKPHQWDQ[LHW\UHVXOWLQWKHXVH
RIHPRWLRQIRFXVHGFRSLQJVWUDWHJLHVWKDWLQWHQVLI\WKHH[SHULHQFHRIGLVWUHVVZKLOHWKH
GHDFWLYDWLQJVWUDWHJLHVDVVRFLDWHGZLWKDWWDFKPHQWDYRLGDQFHUHVXOWLQHPRWLRQIRFXVHG
FRSLQJVWUDWHJLHVJHDUHGDWVXSSUHVVLQJRUGRZQUHJXODWLQJGLVWUHVVHJ%DOH	.DUDQW]DV
0LNXOLQFHU	)ORULDQ:HLHWDO7KHIDFWWKDWDWWDFKPHQWLQVHFXULW\LH
DWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFHLVQHJDWLYHO\DVVRFLDWHGZLWKFRQVWUXFWLYH
FRSLQJDOVRVXSSRUWVPXFKSDVWUHVHDUFKWKDWDWWDFKPHQWLQVHFXULW\LQWHUIHUHVZLWKSHRSOH¶V
DELOLW\WRGHDOZLWKGLVWUHVVLQDVROXWLRQIRFXVHGPDQQHUDQGRUGUDZRQVRFLDOVXSSRUWWR
\LHOGUHVROXWLRQWRVWUHVVRUVHJ%DOH	.DUDQW]DV'H)URQ]R3DQ]DUHOOD	%XWOHU
7KHILQGLQJVRIWKHSUHVHQWVWXG\OLQNLQJDWWDFKPHQWWRFRSLQJVWUDWHJLHVDOVRVXSSRUW
HPHUJLQJUHVHDUFKLQWKHHDWLQJGLVRUGHUVDQGELQJHHDWLQJDUHD)RUH[DPSOH&DVWOH
IRXQGWKDWDWWDFKPHQWLQVHFXULW\VSHFLILFDOO\DWWDFKPHQWDYRLGDQFHZDVQHJDWLYHO\
DVVRFLDWHGZLWKWKHXVHRIDGDSWLYHFRSLQJVWUDWHJLHVIRUZRPHQH[SHULHQFLQJGLVRUGHUHG
HDWLQJV\PSWRPDWRORJ\)XUWKHUPRUH7DVFDHWDOLQDVDPSOHRIZRPHQVHHNLQJ


WUHDWPHQWIRUDQ('IRXQGWKDWDWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFHZHUHDVVRFLDWHG
ZLWKWKHXVHRIK\SHUDFWLYDWLRQDQGGHDFWLYDWLRQVWUDWHJLHVUHVSHFWLYHO\
7KHGLUHFWDVVRFLDWLRQVEHWZHHQWKHDWWDFKPHQWGLPHQVLRQVDQGHPRWLRQDORYHUHDWLQJ
HPRWLRQG\VUHJXODWLRQQHJDWLYHDQGSRVLWLYHDIIHFWDQGGLHWDU\UHVWUDLQWSURYLGHIXUWKHU
VXSSRUWIRUK\SRWKHVHVDDQGEDQGDUHODUJHO\FRQVLVWHQWZLWKSDVWDWWDFKPHQWUHVHDUFK
DQGHPHUJLQJUHVHDUFKLQWKHHDWLQJGLVRUGHUVDQGELQJHHDWLQJOLWHUDWXUH)RUH[DPSOH
'RPLQJRIRXQGWKDWDWWDFKPHQWLQVHFXULW\ZDVSRVLWLYHO\DVVRFLDWHGZLWKHPRWLRQDO
RYHUHDWLQJZKLOH*LOEHUWIRXQGWKDWDWWDFKPHQWDQ[LHW\ZDVLQGLUHFWO\SRVLWLYHO\
DVVRFLDWHGZLWKHPRWLRQDORYHUHDWLQJ$FURVVERWKVWXGLHVWKHDXWKRUVFRQWHQGHGWKDWWKH
DVVRFLDWLRQEHWZHHQDWWDFKPHQWDQGHPRWLRQDORYHUHDWLQJZDVGXHWRWKHGHDFWLYDWLQJDQG
K\SHUDFWLYDWLQJVWUDWHJLHVXVHGE\DYRLGDQWO\DWWDFKHGDQGDQ[LRXVO\DWWDFKHGLQGLYLGXDOV
UHVSHFWLYHO\
,QWKHSUHVHQWVWXG\DWWDFKPHQWDYRLGDQFHZDVIRXQGWRKDYHDGLUHFWSRVLWLYH
DVVRFLDWLRQZLWKHPRWLRQDORYHUHDWLQJZKLOHDWWDFKPHQWDQ[LHW\ZDVIRXQGWRKDYHDGLUHFW
DVVRFLDWLRQZLWKHPRWLRQDORYHUHDWLQJDQGDQLQGLUHFWDVVRFLDWLRQWKURXJKHPRWLRQIRFXVHG
K\SHUDFWLYDWLRQFRSLQJ7KXVZKLOHHYLGHQFHZDVIRXQGWRVXJJHVWWKDWWKHGLVWUHVV
LQWHQVLILFDWLRQFRSLQJWHQGHQFLHVRIDQ[LRXVO\DWWDFKHGLQGLYLGXDOVKHLJKWHQVRYHUHDWLQJLQ
UHVSRQVHWRHPRWLRQVGHDFWLYDWLRQVWUDWHJLHVZHUHQRWIRXQGWREHLPSOLFDWHGLQWKH
DVVRFLDWLRQEHWZHHQDWWDFKPHQWDYRLGDQFHDQGHPRWLRQDORYHUHDWLQJ,WLVXQFOHDUDVWRZK\
WKLVPD\EHWKHFDVH,WFRXOGEHWKDWDWWDFKPHQWDYRLGDQFHLVDVVRFLDWHGZLWKHPRWLRQDO
RYHUHDWLQJEXWRQO\LQVLWXDWLRQVZKHQHPRWLRQIRFXVHGGHDFWLYDWLRQVWUDWHJLHVDUHQRWXVHG
7KDWLVZKHQFRSLQJVWUDWHJLHVJHDUHGWRZDUGVVXSSUHVVLQJGLVWUHVVDUHQRWLQYRNHGRUDUH
FRPSURPLVHGLQFLUFXPVWDQFHVZKHQFRJQLWLYHRYHUORDGSUHFOXGHVWKHDFWLYDWLRQRIWKHVH
VWUDWHJLHVWRGHIHQGDJDLQVWGLVWUHVVHJ(GHOVWHLQ	*LOODWK0LNXOLQFHU'ROHY	
6KDYHUDYRLGDQWLQGLYLGXDOVUHVSRQGWRHPRWLRQVE\RYHUHDWLQJ+RZHYHUZKHQ


GHDFWLYDWLQJVWUDWHJLHVDUHLQYRNHGDYRLGDQWO\DWWDFKHGLQGLYLGXDOVHQJDJHLQGLHWDU\UHVWUDLQW
DQGH[SHULHQFHSRVLWLYHDIIHFW±ILQGLQJVSHUWDLQLQJWRWKHLQGLUHFWHIIHFWVLGHQWLILHGEHWZHHQ
DWWDFKPHQWDYRLGDQFHHPRWLRQIRFXVHGGHDFWLYDWLRQDQGSRVLWLYHDIIHFWDQGGLHWDU\UHVWUDLQW
LQWKHSUHVHQWVWXG\+RZHYHUWKHDVVXPSWLRQPDGHDFURVVWKHVHILQGLQJVLVWKDWVLWXDWLRQV
PD\H[LVWLQZKLFKHPRWLRQIRFXVHGGHDFWLYDWLRQVWUDWHJLHVDUHQRWHQJDJHGIRUDYRLGDQWO\
DWWDFKHGLQGLYLGXDOV)XWXUHUHVHDUFKZRXOGQHHGWRWHVWWKHPDQLSXODWLRQRIFRQWH[WWR
SURYLGHVXSSRUWIRUWKLVDVVXPSWLRQ+RZHYHUQXPHURXVVWXGLHVLQWKHDWWDFKPHQWGRPDLQ
VXJJHVWWKDWZKHQDYRLGDQWO\DWWDFKHGLQGLYLGXDOVDUHH[SRVHGWRDFRJQLWLYHORDGWKDWWKHLU
DELOLW\WRXVHEHKDYLRXUDOFRJQLWLYHDQGDIIHFWLYHUHVSRQVHVFKDUDFWHULVWLFRIGHDFWLYDWLQJ
VWUDWHJLHVDUHFRPSURPLVHGUHVXOWLQJLQWKHH[SHULHQFHRIJUHDWHUGLVWUHVVDQGLQDELOLW\WR
GRZQUHJXODWHDIIHFWLYHUHVSRQVHVHJ(GHOVWHLQ	*LOODWK0LNXOLQFHUHWDO
0LNXOLQFHU	6KDYHU
,QUHODWLRQWRGLHWDU\UHVWUDLQW7XUQHUHWDOLGHQWLILHGDYRLGDQWO\DWWDFKHG
LQGLYLGXDOVWRDOVRGLVSOD\GLHWDU\UHVWUDLQWEHKDYLRXU&DQGHORULDQG&LRFFDDOVR
IRXQGDWWDFKPHQWDYRLGDQFHWREHDVVRFLDWHGZLWKGLHWDU\UHVWUDLQWDVGLG7DVFDHWDO
0LNXOLQFHUDQG6KDYHUVXJJHVWWKDWWKLVDVVRFLDWLRQPD\EHUHSUHVHQWDWLYHRI
DYRLGDQWO\DWWDFKHGLQGLYLGXDOV¶XVHRIGHDFWLYDWLQJVWUDWHJLHV,QVXSSRUWRIWKLVFODLPDQ
LQGLUHFWDVVRFLDWLRQZDVIRXQGIRUWKHELQJHHDWLQJJURXSIURPDWWDFKPHQWDYRLGDQFHWR
GLHWDU\UHVWUDLQWYLDHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJVWUDWHJLHVDILQGLQJDGGUHVVLQJ
UHVHDUFKTXHVWLRQE7KXVIRULQGLYLGXDOVZKRH[SHULHQFHPRGHUDWHWRVHYHUHELQJHHDWLQJ
V\PSWRPVWKHUROHRIGLHWDU\UHVWUDLQWPD\EHXQGHUSLQQHGLQSDUWE\WKHDVVRFLDWLRQEHWZHHQ
DWWDFKPHQWDYRLGDQFHDQGGHDFWLYDWLRQVWUDWHJLHV
,QUHODWLRQWRWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDQ[LHW\DQGGLHWDU\UHVWUDLQWERWKD
GLUHFWHIIHFWZDVIRXQGDFURVVWKHHQWLUHVDPSOHDQGERWKJURXSVZKLOHDQLQGLUHFWHIIHFWYLD
HPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJZDVIRXQGIRUWKHQRQELQJHHDWLQJJURXSRQO\D


ILQGLQJDGGUHVVLQJUHVHDUFKTXHVWLRQE7KHVHILQGLQJVDOVRSURYLGHVXSSRUWIRUK\SRWKHVHV
DDQGF,QUHODWLRQWRWKHGLVRUGHUHGHDWLQJDQGELQJHHDWLQJOLWHUDWXUHVWKHGLUHFWDQG
LQGLUHFWOLQNEHWZHHQDWWDFKPHQWDQ[LHW\DQGGLHWDU\UHVWUDLQWLVLQOLQHZLWK2U]ROHN
.URQQHU¶VVXJJHVWLRQWKDWIRUDQ[LRXVO\DWWDFKHGLQGLYLGXDOVWKHH[SHULHQFHRIHDWLQJ
GLVRUGHUV\PSWRPDWRORJ\VXFKDVELQJHHDWLQJLVOLNHO\WRUHVXOWIURPWKHXVHRI
K\SHUDFWLYDWLQJVWUDWHJLHVFRXSOHGZLWKGLHWDU\UHVWUDLQW,QWHUHVWLQJO\VXFKDQDVVRFLDWLRQ
ZDVIRXQGLQWKHSUHVHQWVWXG\ZLWKDWWDFKPHQWDQ[LHW\DVVRFLDWHGZLWKHPRWLRQIRFXVHG
K\SHUDFWLYDWLRQFRSLQJZKLFKLQWXUQZDVDVVRFLDWHGZLWKGLHWDU\UHVWUDLQWZKLFKZDV
DVVRFLDWHGZLWKELQJHHDWLQJ+RZHYHUWKLVVHULHVRIVLJQLILFDQWDVVRFLDWLRQVZDVRQO\SUHVHQW
IRUWKHQRQELQJHHDWLQJJURXS)RUWKHELQJHHDWLQJJURXSQRGLUHFWDVVRFLDWLRQZDVIRXQG
EHWZHHQHPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJDQGGLHWDU\UHVWUDLQW5DWKHUHPRWLRQ
IRFXVHGK\SHUDFWLYDWLRQFRSLQJKDGDQLQGLUHFWHIIHFWRQELQJHHDWLQJV\PSWRPDWRORJ\
WKURXJKHPRWLRQDORYHUHDWLQJDQGHPRWLRQG\VUHJXODWLRQ
:KLOHVSHFXODWLYHWKHODFNRIDQDVVRFLDWLRQEHWZHHQHPRWLRQIRFXVHG
K\SHUDFWLYDWLRQDQGGLHWDU\UHVWUDLQWIRUWKHELQJHHDWLQJJURXSPD\VXJJHVWWKDWZKHQELQJH
HDWLQJV\PSWRPVDUHPRGHUDWHWRVHUYHWKHK\SHUDFWLYDWLQJVWUDWHJLHVRIDQ[LRXVO\DWWDFKHG
LQGLYLGXDOVGRQRWIDFLOLWDWHUHVWUDLQHGHDWLQJEHKDYLRXUEXWUDWKHUWKHGLVWUHVVLQWHQVLILFDWLRQ
DVVRFLDWHGZLWKWKHVHFRSLQJVWUDWHJLHVLQKLELWVVXFKFRQWUROOLQJUHVSRQVHV5HVHDUFKIURPDQ
DWWDFKPHQWWKHRU\SHUVSHFWLYHVXJJHVWVWKDWZKHQDWWDFKPHQWDQ[LHW\LVFRXSOHGZLWKRWKHU
IRUPVRISDWKRORJ\LHSHUVRQDOLW\GLVRUGHUFKURQLFGHSUHVVLRQDQ\UHJXODWRU\SURFHVVHV
WKDWLQYROYHIRUPVRIFRQWURODQGUHVWUDLQWDUHZHDNHQHGGXHWRWKHLQWHUDFWLYHHIIHFWVRIWKLV
IRUPRIDWWDFKPHQWLQVHFXULW\ZLWKWKHVSHFLILFIRUPRISDWKRORJ\0LNXOLQFHU	)ORULDQ
0LNXOLQFHU	6KDYHU2EHJL	%HUDQW,QWKHSUHVHQWVWXG\WKHIDFWWKDW
WKHDVVRFLDWLRQEHWZHHQHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJDQGGLHWDU\UHVWUDLQWZDVQRW
VLJQLILFDQWIRUWKHELQJHHDWLQJJURXSUHSUHVHQWVMXVWVXFKDQLQWHUDFWLRQ$OWHUQDWLYHO\WKH


ODFNRIDQDVVRFLDWLRQPD\VLPSO\UHSUHVHQWVDPSOLQJELDVDQGDVVXFKWKLVDVVRFLDWLRQ
ZRXOGQHHGWREHFURVVYDOLGDWHGLQIXWXUHUHVHDUFK
,QUHODWLRQWRHPRWLRQG\VUHJXODWLRQERWKDWWDFKPHQWDQ[LHW\DQGDWWDFKPHQW
DYRLGDQFHZHUHIRXQGWREHSRVLWLYHO\DVVRFLDWHGZLWKWKLVYDULDEOHIRUWKHHQWLUHVDPSOHDQG
DFURVVERWKELQJHHDWLQJDQGQRQELQJHHDWLQJJURXSV7KHVHDVVRFLDWLRQVSURYLGHVXSSRUWIRU
K\SRWKHVHVDDQGE)XUWKHUPRUHDWWDFKPHQWDQ[LHW\ZDVIRXQGWREHLQGLUHFWO\
DVVRFLDWHGZLWKHPRWLRQG\VUHJXODWLRQWKURXJKWKHXVHRIHPRWLRQIRFXVHGK\SHUDFWLYDWLQJ
VWUDWHJLHVDQGDWWDFKPHQWDYRLGDQFHZDVIRXQGWREHDVVRFLDWHGZLWKWKLVYDULDEOHWKURXJKWKH
QRQXVHRIFRQVWUXFWLYHFRSLQJUHVSHFWLYHO\7KHVHLQGLUHFWHIIHFWVSURYLGHVXSSRUWIRU
K\SRWKHVHVDDQGFLQZKLFKFRQVWUXFWLYHFRSLQJDQGHPRWLRQIRFXVHGGHDFWLYDWLRQ
FRSLQJZHUHSURSRVHGWREHDVVRFLDWHGZLWKHPRWLRQG\VUHJXODWLRQ,QFRQWUDVWWRK\SRWKHVLV
EKRZHYHUHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJZDVQRWIRXQGWREHVLJQLILFDQWO\
DVVRFLDWHGZLWKHPRWLRQG\VUHJXODWLRQ
7KHGLUHFWOLQNVEHWZHHQDWWDFKPHQWLQVHFXULW\LHDWWDFKPHQWDQ[LHW\DQG
DWWDFKPHQWDYRLGDQFHDQGHPRWLRQG\VUHJXODWLRQDUHFRQVLVWHQWZLWKPDQ\VWXGLHVLQWKH
DWWDFKPHQWILHOGWKDWFRQVLVWHQWO\ILQGLQVHFXUHO\DWWDFKHGLQGLYLGXDOVGLVSOD\DQLQDELOLW\WR
HIIHFWLYHO\UHJXODWHHPRWLRQVFI0LNXOLQFHU	6KDYHUIRUDUHYLHZ)RUH[DPSOH
0LNXOLQFHUDQG0LNXOLQFHUDQG2UEDFKIRXQGWKDWDQ[LRXVO\DWWDFKHG
LQGLYLGXDOVUHSRUWGLIILFXOW\LQFRQILQLQJWKHLUDIIHFWLYHUHVSRQVHVWRHPRWLRQVFRQJUXHQWZLWK
VSHFLILFHPRWLRQDOO\FKDUJHGHYHQWV6SHFLILFDOO\UHFROOHFWLRQVRIVDGHYHQWVQRWRQO\HYRNHG
WKHDURXVDORIVDGQHVVEXWDIORRGRIRWKHUHPRWLRQVVXFKDVDQJHUDQGVXUSULVH±DSDWWHUQQRW
DVVRFLDWHGZLWKDWWDFKPHQWDYRLGDQFHRUDWWDFKPHQWVHFXULW\0RUHRYHUDQ[LRXVLQGLYLGXDOV
DOVRUHSRUWHGGLIILFXOW\LQFRQWUROOLQJWKHLUHPRWLRQDODURXVDO,QFRQWUDVWDYRLGDQWO\DWWDFKHG
LQGLYLGXDOVGHPRQVWUDWHGGLIILFXOW\LQWKHDURXVDORIQHJDWLYHRUSRVLWLYHHPRWLRQVZKHQ
DVNHGWRUHFDOOVDGRUKDSS\HYHQWV7KHDIIHFWLYHUHVSRQVHVRUODFNWKHUHRIZHUHDUJXHGWR


UHSUHVHQWDGLVVRFLDWHGDIIHFWLYHVWDWHWKDWGHPRQVWUDWHGDFRQVLVWHQWSDWWHUQRIHPRWLRQDO
FXWRII0LNXOLQFHU0LNXOLQFHU	6KDYHU:HLHWDOVSHFLILFDOO\IRXQG
HYLGHQFHWRVXJJHVWWKDWDWWDFKPHQWDQ[LHW\LVDVVRFLDWHGZLWKDIIHFWUHJXODWLRQVWUDWHJLHV
DVVRFLDWHGZLWKHPRWLRQDOUHDFWLYLW\ZKLOHDWWDFKPHQWDYRLGDQFHLVDVVRFLDWHGZLWK
HPRWLRQDOFXWRII6LPLODUO\ZLWKLQWKHHDWLQJGLVRUGHUVDUHD7DVFDHWDOIRXQGWKDW
DWWDFKPHQWDYRLGDQFHZDVDVVRFLDWHGZLWKDIIHFWUHJXODWLRQVWUDWHJLHVJHDUHGWRZDUGVWKH
VXSSUHVVLRQDQGGRZQZDUGUHJXODWLRQRIHPRWLRQVZKHUHDVDWWDFKPHQWDQ[LHW\ZDV
DVVRFLDWHGZLWKDIIHFWUHJXODWLRQVWUDWHJLHVWKDWJUHDWO\LQWHQVLILHGWKHH[SHULHQFHRIHPRWLRQV
,QOLQHZLWKH[SHFWDWLRQVGLUHFWSRVLWLYHDVVRFLDWLRQVZHUHDOVRIRXQGEHWZHHQ
DWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFHZLWKQHJDWLYHDIIHFWDQGQHJDWLYHO\DVVRFLDWHG
ZLWKSRVLWLYHDIIHFW)XUWKHUPRUHWKHPDJQLWXGHRIWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQW
DYRLGDQFHDQGQHJDWLYHDIIHFWZHUHVLJQLILFDQWO\VPDOOHUIRUWKHQRQELQJHHDWLQJJURXS
FRPSDUHGWRWKHELQJHHDWLQJJURXSDILQGLQJSHUWLQHQWWRUHVHDUFKTXHVWLRQE
7KHILQGLQJVSHUWDLQLQJWRDWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFHDQGQHJDWLYH
DQGSRVLWLYHDIIHFWDQGDWWDFKPHQWDYRLGDQFHDQGQHJDWLYHDIIHFWSURYLGHVXSSRUWIRU
K\SRWKHVHVDDQGEDQGDUHFRQVLVWHQWZLWKSDVWILQGLQJVLQWKHDWWDFKPHQWOLWHUDWXUH
)RULQVWDQFHDFURVVQXPHURXVFRQWH[WVHJGLYRUFHDFWLYDWLRQRIKXUWIXOPHPRULHVDQG
SDUHQWLQJDFKLOGZLWKFKURQLFLOOQHVVDWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFHKDYH
EHHQDVVRFLDWHGZLWKWKHLQWHQVLILFDWLRQRIQHJDWLYHDIIHFWVXFKDVZRUU\DQGDQ[LHW\LQWKH
FDVHRIDWWDFKPHQWDQ[LHW\DQGGLVVRFLDWHGVWDWHVRIDQJHULQWKHFDVHRIDWWDFKPHQW
DYRLGDQFH%HUDQW0LNXOLQFHU	)ORULDQ%LUQEDXPHWDO0LNXOLQFHU
0LNXOLQFHU	2UEDFK7KHQHJDWLYHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDQ[LHW\DQG
DWWDFKPHQWDYRLGDQFHDQGSRVLWLYHDIIHFWLVDOVRFRQVLVWHQWZLWKSDVWUHVHDUFK1XPHURXV
VWXGLHVVXJJHVWWKDWWKHGLVWUHVVLQWHQVLI\LQJVWUDWHJLHVFKDUDFWHULVWLFRIDQ[LRXVO\DWWDFKHGDV
ZHOODVWKHGRZQUHJXODWLRQUHJXODWLRQVWUDWHJLHVRIDYRLGDQWO\DWWDFKHGLQGLYLGXDOVLQWHUIHUHV


ZLWKWKHLUDELOLW\WRH[SHULHQFHSRVLWLYHDIIHFW0LNXOLQFHU	6KDYHU0LNXOLQFHUHDO
0RUHRYHUDFFRUGLQJWR0LNXOLQFHUDQG)ORULDQWKHµHPRWLRQDODUFKLWHFWXUH¶RI
DQGDQ[LRXVO\DWWDFKHGPLQGLVVXFKWKDWH[SHULHQFLQJRQHW\SHRIHPRWLRQSULPHVWKH
DFWLYDWLRQRIERWKFRQJUXHQWDQGLQFRQJUXHQWHPRWLRQV7KXVWKHH[SHULHQFHRISRVLWLYHDIIHFW
LVOLNHO\WREHGDPSHQHGWKURXJKWKHFRDFWLYDWLRQRIQHJDWLYHDIIHFW±DILQGLQJGHPRQVWUDWHG
DFURVVUHSHDWHGVWXGLHVE\0LNXOLQFHUDQGFROOHDJXHVHJ0LNXOLQFHU0LNXOLQFHU	
2UEDFK,QUHODWLRQWRDWWDFKPHQWDYRLGDQFHWKHVXSSUHVVLYHWHQGHQFLHVRIDYRLGDQW
LQGLYLGXDOVKDVEHHQIRXQGVORZWKHUHFDOODQGSURFHVVLQJRIDIIHFWLYHVWDWHVLQFOXGLQJ
SRVLWLYHH[SHULHQFHVDQGHPRWLRQVHJ0LNXOLQFHU0LNXOLQFHU	2UEDFK
,QUHODWLRQWRUHVHDUFKTXHVWLRQEWKHVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHJURXSVLQ
WKHPDJQLWXGHRIWKHDVVRFLDWLRQEHWZHHQDWWDFKPHQWDYRLGDQFHDQGQHJDWLYHDIIHFWPD\
VXJJHVWWKDWVHYHULW\RIELQJHHDWLQJV\PSWRPVLVDNH\PRGHUDWRULQWKHOLQNEHWZHHQ
DWWDFKPHQWDYRLGDQFHDQGQHJDWLYHDIIHFW6SHFLILFDOO\IRUSHRSOHZKRH[SHULHQFHPRGHUDWH
WRVHYHUHELQJHHDWLQJV\PSWRPVWKHH[SHULHQFHRIQHJDWLYHDIIHFWPD\EHPRUHFORVHO\WLHG
WRDWWDFKPHQWDYRLGDQFH7KXVWKHH[SHULHQFHRIELQJHPRGHUDWHWRVHYHUHELQJHHDWLQJ
V\PSWRPVPD\ZHOOEHDPDQLIHVWIRUWKLVVWURQJHUDVVRFLDWLRQEHWZHHQDWWDFKPHQWDYRLGDQFH
DQGQHJDWLYHDIIHFWFRPSDUHGWRWKRVHZKRH[SHULHQFHOLWWOHRUQRELQJHHDWLQJV\PSWRPV
7KLVILQGLQJOLNHWKHRWKHUDVVRFLDWLRQVEHWZHHQWKHDWWDFKPHQWGLPHQVLRQVWKHPRGHO
YDULDEOHVWKDWGLIIHUHGEHWZHHQWKHJURXSVSRLQWWRWKHQRWLRQWKDWYDULDELOLW\LQELQJHHDWLQJ
V\PSWRPDWRORJ\LVDVVRFLDWHGZLWKDWWDFKPHQW0RUHRYHULQDGGUHVVLQJUHVHDUFKTXHVWLRQ
DDQDO\VHVRIWKHPHDQVIRUDWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFHDFURVVWKHELQJH
HDWLQJDQGQRQELQJHHDWLQJJURXSVUHYHDOHGWKDWERWKIRUPVRIDWWDFKPHQWLQVHFXULW\ZHUH
VLJQLILFDQWO\KLJKHULQWKHELQJHHDWLQJJURXS7KLVILQGLQJLVFRQVLVWHQWZLWKUHVHDUFKLQ
ELQJHHDWLQJDQGGLVRUGHUHGHDWLQJPRUHJHQHUDOO\HJ$GPRQL+RFKGRUIHWDO
7URLVLHWDO)RULQVWDQFHLQDUHFHQWVWXG\,OOLQJHWDOIRXQGWKDW


ZRPHQVHHNLQJWUHDWPHQWIRUDQHDWLQJGLVRUGHUVFRUHGVLJQLILFDQWO\KLJKHURQDWWDFKPHQW
LQVHFXULW\FRPSDUHGWRDFRPSDULVRQJURXSRIQRQHDWLQJGLVRUGHUHGZRPHQ6LPLODUILQGLQJV
KDYHHPHUJHGDFURVVYDULRXVFRXQWULHVVXJJHVWLQJDUHOLDEOHFRYDULDWLRQEHWZHHQLQGLYLGXDOV
ZKRUHSRUWDQHDWLQJGLVRUGHUDQGDWWDFKPHQWLQVHFXULW\HJ$GPRQL%UREHUJHWDO
)ULHGEHUJ	/\GGRQ+RFKGRUIHWDO/DW]HUHWDO0DOOLQFNURGWHW
DO7URLVLHWDO
:KLOHWKHLQWHUSUHWDWLRQRIILQGLQJVWRWKLVSRLQWDUHIUDPHGIURPDQDWWDFKPHQWWKHRU\
SHUVSHFWLYHWKHDVVRFLDWLRQVEHWZHHQFRSLQJDQGWKHUHJXODWRU\DQGDIIHFWLYHIDFWRUVLQWKH
K\SRWKHVLVHGPRGHODUHODUJHO\FRQVLVWHQWZLWKILQGLQJVDQGLQWHUSUHWDWLRQVSURSRVHGIURPWKH
HDWLQJGLVRUGHUVDQGELQJHHDWLQJILHOGV)RULQVWDQFHK\SRWKHVLVDZDVODUJHO\VXSSRUWHG
ZLWKFRQVWUXFWLYHFRSLQJDVVRFLDWHGZLWKDOOK\SRWKHVLVHGYDULDEOHVLQWKHH[SHFWHGGLUHFWLRQV
ZLWKH[FHSWLRQRIWKHDVVRFLDWLRQEHWZHHQFRQVWUXFWLYHFRSLQJZLWKGLHWDU\UHVWUDLQWZKHUHQR
VLJQLILFDQWDVVRFLDWLRQZDVIRXQG7KHVHILQGLQJVVXJJHVWWKDWFRQVWUXFWLYHFRSLQJVWUDWHJLHV
WKDWHQFRPSDVVSUREOHPIRFXVHGFRSLQJDQGVHHNLQJVRFLDOVXSSRUWUHGXFHWKHH[SHULHQFHRI
RYHUHDWLQJLQUHVSRQVHWRERWKSRVLWLYHDQGQHJDWLYHHPRWLRQVDQGDOVRUHGXFHGLIILFXOWLHVLQ
UHJXODWLQJHPRWLRQVDQGWKHH[SHULHQFHRIQHJDWLYHDIIHFWEXW\LHOGLQFUHDVHVLQWKH
H[SHULHQFHRISRVLWLYHHPRWLRQV7KHVHILQGLQJVDUHFRQVLVWHQWZLWKWKHSRVLWLYHEHQHILWVRI
FRQVWUXFWLYHFRSLQJVWUDWHJLHVUHSRUWHGLQERWKWKHELQJHHDWLQJDQGFRSLQJOLWHUDWXUHVPRUH
JHQHUDOO\$OGZLQ&DUYHUHWDO(QGOHU	3DUNHU.RII	6DJDQL
0LNXOLQFHU	)ORULDQ1HFNRZLW]	0RUULVRQ6RXNXSHWDO)RU
LQVWDQFHVWXGLHVKDYHFRQVLVWHQWO\GHPRQVWUDWHGWKDWFRQVWUXFWLYHFRSLQJVWUDWHJLHVDUH
QHJDWLYHO\DVVRFLDWHGZLWKWKHH[SUHVVLRQRIELQJHHDWLQJV\PSWRPVDQGWKHOLNHOLKRRGRI
H[SHULHQFLQJRWKHUIRUPVRIHDWLQJGLVRUGHUVDQGWKDWWKLVLVRIWHQDVVRFLDWHGZLWKUHGXFWLRQV
LQWKHH[SHULHQFHRIQHJDWLYHDIIHFWDQGWKHLQFUHDVHVLQSRVLWLYHDIIHFWHJ&DVWOH
(VSHODJH4XLWWQHU6KHUPDQ	7KRPSVRQ0RUHRYHUWKHFDSDFLW\IRUFRQVWUXFWLYH


FRSLQJVWUDWHJLHVWRUHVXOWLQWKHUHVROXWLRQRIGLVWUHVVLVFRQVLVWHQWO\DVVRFLDWHGZLWKWKH
H[SHULHQFHRISRVLWLYHDIIHFWDQGUHGXFWLRQVLQWKHH[SHULHQFHRIQHJDWLYHDIIHFWDFURVV
FRQWH[WVVXFKDVFKURQLFLOOQHVVQDWXUDOGLVDVWHUVDQGOLIHWUDQVLWLRQVFI$OGZLQIRUD
UHYLHZ
+RZHYHULQFRQWUDVWZLWKSDVWUHVHDUFKVXJJHVWLQJGLIIHUHQFHVLQWKHDVVRFLDWLRQV
EHWZHHQFRQVWUXFWLYHFRSLQJDQGRXWFRPHVDVVRFLDWHGZLWKELQJHHDWLQJIRUELQJHHDWHUVDQG
QRQELQJHHDWHUVHJ)UHHPDQ	*LOO6KDWIRUG	(YDQVWKHILQGLQJVRIWKH
SUHVHQWVWXG\VXJJHVWQRVXFKGLIIHUHQFHV,QWKLVWKHVLVWKHVWUHQJWKRIWKHDVVRFLDWLRQV
EHWZHHQFRQVWUXFWLYHFRSLQJDQGWKHK\SRWKHVLVHGYDULDEOHVGLGQRWGLIIHUIRUWKHELQJHHDWLQJ
DQGQRQELQJHHDWLQJJURXS7KHVHUHVXOWVPD\VXJJHVWWKDWGHVSLWHZKHWKHULQGLYLGXDOVGRRU
GRQRWH[SHULHQFHELQJHHDWLQJV\PSWRPDWRORJ\WKHXVHRIFRQVWUXFWLYHFRSLQJHQKDQFHVWKH
H[SHULHQFHRISRVLWLYHDIIHFWLYHRXWFRPHVZKLOHUHGXFHVQHJDWLYHDIIHFWLYHH[SHULHQFHV
)XUWKHUPRUHWKHDVVRFLDWLRQEHWZHHQFRQVWUXFWLYHFRSLQJDQGGLHWDU\UHVWUDLQWZDV
QRWIRXQGWREHVLJQLILFDQW$JDLQZKLOHWKLVILQGLQJPD\UHSUHVHQWDVDPSOLQJLVVXHDQGLQ
ZKLFKFDVHIXUWKHUUHVHDUFKZRXOGQHHGWRTXDOLI\WKLVDVVRFLDWLRQLWPD\ZHOOEHWKDWGLHWDU\
UHVWUDLQWLVWKHUHVXOWRIRWKHUIDFWRUVWKDQWKHODFNRIFRQVWUXFWLYHFRSLQJ)RULQVWDQFH
GLHWDU\UHVWUDLQWPD\DULVHDVDQLQVWUXPHQWDOUHVSRQVHWRDQREHVHLQGLYLGXDO¶VLQVWUXFWLRQVE\
WKHLU*HQHUDO3UDFWLWLRQHUWRORVHZHLJKWIRUKHDOWKUHDVRQV$OWHUQDWLYHO\GLHWDU\UHVWUDLQW
EHKDYLRXUPD\DULVHGXHWRDQLQGLYLGXDO¶VGHVLUHWRFRQIRUPWRWKHWKLQLGHDOHVSRXVHG
DFURVVPDQ\:HVWHUQDQGLQGXVWULDOLVHGQDWLRQV6WLFH&XUUHQWO\WKHUHH[LVWV
PXFKUHVHDUFKIURPVRFLRFXOWXUDOSHUVSHFWLYHVWKDWSURYLGHVVXSSRUWIRUVRFLRFXOWXUDO
LQIOXHQFHVLQHDWLQJEHKDYLRXUVRILQGLYLGXDOVZRPHQHVSHFLDOO\HJ6WLFHHWDO
6WLFH6FKXSDN1HXEHUJ6KDZ	6WHLQ
 3DUWLDOVXSSRUWZDVIRXQGIRUK\SRWKHVLVEVXFKWKDWHPRWLRQIRFXVHGGHDFWLYDWLRQ
FRSLQJZDVSRVLWLYHO\DVVRFLDWHGZLWKWKHH[SHULHQFHRISRVLWLYHDIIHFWDQGGLHWDU\UHVWUDLQW


+RZHYHULWZDVQRWDVVRFLDWHGZLWKHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQRUQHJDWLYH
DIIHFWIRUWKHHQWLUHVDPSOH1HYHUWKHOHVVPXOWLJURXSLQYDULDQFHWHVWLQJUHYHDOHGWKDWWKH
DVVRFLDWLRQEHWZHHQHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJDQGQHJDWLYHDIIHFWZDVSRVLWLYHO\
VLJQLILFDQWO\DVVRFLDWHGIRUWKHELQJHHDWLQJJURXSZKLOHWKLVDVVRFLDWLRQZDVGHHPHGQRQ
VLJQLILFDQWLQWKHQRQELQJHHDWLQJJURXSUHVXOWVSHUWDLQLQJWRUHVHDUFKTXHVWLRQE
)XUWKHUPRUHWKHVWUHQJWKRIWKHDVVRFLDWLRQEHWZHHQHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJ
DQGGLHWDU\UHVWUDLQWZDVVLJQLILFDQWO\GLIIHUHQWIRUWKHWZRJURXSVVXFKWKDWWKHPDJQLWXGHRI
WKLVUHODWLRQVKLSZDVKLJKHULQWKHELQJHHDWLQJFRPSDUHGWRWKHQRQELQJHHDWLQJJURXS
 'HVSLWHWKHIDFWWKDWPXFKUHVHDUFKVXJJHVWVWKDWHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJ
VWUDWHJLHVDUHQHJDWLYHO\DVVRFLDWHGZLWKSRVLWLYHDIIHFWHJ0LNXOLQFHUHWDOWKHUHLV
DERG\RIOLWHUDWXUHWRVXJJHVWWKDWWKHUHH[LVWVDSRVLWLYHDVVRFLDWLRQEHWZHHQHPRWLRQ
IRFXVHGGHDFWLYDWLRQDQGSRVLWLYHDIIHFWHJ/LJKWVH\	6ZHHQH\6WRQH.HQQHG\
0RRUH	1HDO7KHILQGLQJRIWKHSUHVHQWVWXG\LVFRQVLVWHQWZLWKSDVWUHVHDUFK
VXJJHVWLQJWKDWFRSLQJVWUDWHJLHVJHDUHGWRZDUGVVXSSUHVVLQJRUDYRLGLQJFKDOOHQJHVDQG
VWUHVVRUVFDQJHQHUDWHVKRUWOLYHGSRVLWLYHHPRWLRQVVXFKDVUHOLHIZKLFKDUHGHVLJQHGWR
FRXQWHUDFWWKHQHJDWLYHHPRWLRQVWKDWRIWHQHQVXHVZKHQVXFKFRSLQJVWUDWHJLHVDUHXVHGRQD
UHJXODUEDVLV/LJKWVH\HWDO6WRQHHWDO)XUWKHUPRUHWKHSRVLWLYHDVVRFLDWLRQ
EHWZHHQHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJDQGGLHWDU\UHVWUDLQWLVFRQVLVWHQWZLWKUHVHDUFK
VXJJHVWLQJWKDWFRSLQJVWUDWHJLHVFKDUDFWHULVHGDVDYRLGDQWRUGLVWDQFLQJDUHDVVRFLDWHGZLWK
PRUHUHVWULFWHGHDWLQJEHKDYLRXU/HH*UHHQLQJ	6WRSSHOEHLQ7URRS+ROEUH\	
7UHDVXUH
,QWHUHVWLQJO\ZKLOHWKHDVVRFLDWLRQEHWZHHQHPRWLRQIRFXVHGGHDFWLYDWLRQFRSLQJZDV
QRWDVVRFLDWHGZLWKQHJDWLYHDIIHFWIRUWKHHQWLUHVDPSOHWKHIDFWWKDWVXFKDQDVVRFLDWLRQZDV
IRXQGIRUWKHELQJHHDWLQJJURXSFRPSDUHGWRWKHQRQELQJHHDWLQJJURXSDVSDUWRIWKH
PXOWLJURXSLQYDULDQFHWHVWLVFRQVLVWHQWZLWKSDVWUHVHDUFK1XPHURXVVWXGLHVKDYHIRXQG


WKDWLQGLYLGXDOVZKRELQJHHDWUHSRUWDJUHDWHUXVHRIDYRLGDQFHFRSLQJVWUDWHJLHVDQGDVD
UHVXOWH[SHULHQFHJUHDWHUQHJDWLYHDIIHFWWKDQLQGLYLGXDOVZKRGRQRWUHSRUWELQJHHDWLQJ
V\PSWRPV(QJOHUHWDO)UHHPDQ	*LOO.RII	6DJDQL1HFNRZLW]	
0RUULVRQ6KDWIRUG	(YDQV6RXNXSHWDO
3DUWLDOVXSSRUWZDVDOVRIRXQGIRUK\SRWKHVLVFVXFKWKDWHPRWLRQIRFXVHG
K\SHUDFWLYDWLRQFRSLQJZDVSRVLWLYHO\DVVRFLDWHGZLWKWKHH[SHULHQFHRIHPRWLRQDO
RYHUHDWLQJHPRWLRQG\VUHJXODWLRQDQGQHJDWLYHDIIHFWIRUWKHHQWLUHVDPSOH+RZHYHU
HPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJZDVQRWDVVRFLDWHGZLWKSRVLWLYHDIIHFWDQGGLHWDU\
UHVWUDLQW7KHVHUHVXOWVZHUHFRQVLVWHQWIRUWKHHQWLUHVDPSOHDQGDFURVVWKHELQJHHDWLQJDQG
QRQELQJHHDWLQJJURXSVUHVSHFWLYHO\
$FURVVQXPHURXVVWXGLHVHPRWLRQIRFXVHGIRUPVRIK\SHUDFWLYDWLQJFRSLQJVXFKDV
ZLVKIXOWKLQNLQJVHOIEODPHUXPLQDWLRQDQGYHQWLQJRUWKHH[SUHVVLRQRIDQJHUKDYHEHHQ
DVVRFLDWHGZLWKWKHH[SHULHQFHRIQHJDWLYHDIIHFWDFURVVWKHHDWLQJGLVRUGHUVOLWHUDWXUHDQGWKH
FRSLQJOLWHUDWXUHPRUHJHQHUDOO\HJ&DUYHUHWDO(QGOHU	3DUNHU)RONPDQHW
DO7URRSHWDO$FURVVERWKOLWHUDWXUHVLWLVFRQVLVWHQWO\SURSRVHGWKDWFRSLQJ
VWUDWHJLHVWKDWERWKSURORQJDQGLQWHQVLI\WKHIHHOLQJVRIGLVWUHVVLQWXUQKHLJKWHQWKH
H[SHULHQFHRIERWKGHMHFWLRQDQGDJLWDWLRQOLNHHPRWLRQV±DOORIZKLFKUHSUHVHQWWKH
VSHFWUXPRIQHJDWLYHDIIHFWLYLW\$OGZLQ6SRRU%HNNHUYDQ6WULHQ	YDQ+HFN
)XUWKHUPRUHWKHXVHRIWKHVHGLVWUHVVLQWHQVLILFDWLRQFRSLQJVWUDWHJLHVKDYHEHHQ
ODUJHO\UHJDUGHGDVUHSUHVHQWLQJWKHLQDELOLW\WRUHJXODWHHPRWLRQVHIIHFWLYHO\VXFKWKDWWKH
DURXVDORIQHJDWLYHHPRWLRQVLVKHLJKWHQHGEXWDOVRWKHDFNQRZOHGJHPHQWDQGH[SHULHQFHRI
SRVLWLYHDIIHFWLVGDPSHQHG*URVV:KLWHVLGHHWDO
7KHILQGLQJWKDWHPRWLRQIRFXVHGK\SHUDFWLYDWLRQFRSLQJZDVDVVRFLDWHGZLWK
HPRWLRQDORYHUHDWLQJLVFRQVLVWHQWZLWKHPHUJLQJUHVHDUFKVXJJHVWLQJDOLQNEHWZHHQFRSLQJ
DQGRYHUHDWLQJLQUHVSRQVHWRGLIILFXOWHPRWLRQV6SRRUHWDO:KLWHVLGHHWDO


6LPLODUWR6SRRUHWDOLQWKLVWKHVLVLWLVSURSRVHGWKDWWKLVILQGLQJSURYLGHVVXSSRUW
IRUERWKDQDIIHFWUHJXODWLRQWKHRU\HJ0F&DUWK\DQGWKHHVFDSHWKHRU\+HDWKHUWRQ
	%DXPHLVWHURIRYHUHDWLQJ6SHFLILFDOO\LWFDQEHDUJXHGWKDWWKHH[SHULHQFHRI
RYHUHDWLQJGXHWRWKHH[SHULHQFHRIHPRWLRQVPD\UHVXOWIURPFRSLQJVWUDWHJLHVWKDWRQO\
LQWHQVLI\WKHH[SHULHQFHRIGLVWUHVVLQGXFLQJDIIHFW$FFRUGLQJWRERWKWKHDIIHFWUHJXODWLRQ
WKHRU\DQGWKHHVFDSHWKHRU\HPRWLRQDOHDWLQJVHUYHVDVWUDWHJLFIXQFWLRQDVLWLVXVHGWR
UHOLHYHQHJDWLYHHPRWLRQVDQGVWDWHVRIDYHUVLYHVHOIDZDUHQHVV6SRRUHWDO
)LQDOO\K\SRWKHVLVDZDVODUJHO\VXSSRUWHGZLWKGLUHFWHIIHFWVLQWKHSUHGLFWHG
GLUHFWLRQVIRXQGEHWZHHQHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQSRVLWLYHDIIHFWDQG
GLHWDU\UHVWUDLQWZLWKELQJHHDWLQJ7KHVHDVVRFLDWLRQVUHSOLFDWHSDVWILQGLQJVDQGIXUWKHU
VXSSRUWWKHRULHVRIELQJHHDWLQJWKDWVXJJHVWWKHUHJXODWLRQRIDIIHFWDQGGLHWDU\UHVWUDLQW
UHSUHVHQWLPSRUWDQWSDWKZD\VWKDWFRQWULEXWHWRELQJHHDWLQJV\PSWRPDWRORJ\HJ6WLFHHW
DO6WLFH6KDZ	1HPHURII)RULQVWDQFHUHFHQWUHVHDUFKKDVIRXQGWKH
RYHUHDWLQJLQUHVSRQVHWRHPRWLRQVSUHGLFWVELQJHHDWLQJV\PSWRPDWRORJ\0DFKW
0DVKHE	*ULOR5LFFDHWDO)XUWKHUPRUHVRPHVWXGLHVVXJJHVWWKDWGLVRUGHUHG
HDWLQJVXFKDVELQJHHDWLQJFDQRFFXULQUHVSRQVHWRSRVLWLYHDIIHFWODUJHO\SHRSOHZKR
H[SHULHQFHGLVRUGHUHGHDWLQJKDYHGLIILFXOW\H[SHULHQFLQJDQGUHJXODWLRQWKHIXOOVSHFWUXPRI
DIIHFWLYHVWDWHV2YHUWRQ6HOZD\6WURQJPDQ	+RXVWRQ0RUHRYHUQXPHURXV
VWXGLHVKDYHIRXQGWKDWSHRSOHZKRH[SHULHQFHELQJHHDWLQJV\PSWRPVH[SHULHQFHGLIILFXOW\
UHJXODWLQJHPRWLRQVHJ/LQJVZLOHUHWDO7HOFK	$JUDV±UHVHDUFKWKDW
DVVRFLDWHGZLWKWKHPRGHORIDIIHFWUHJXODWLRQGHVFULEHGLQ6HFWLRQ
+RZHYHULQFRQWUDVWZLWKSUHGLFWLRQVQHJDWLYHDIIHFWZDVQRWDVVRFLDWHGZLWKELQJH
HDWLQJ7KLVILQGLQJLVLQVWDUNFRQWUDVWWRUHVHDUFKLQVXSSRUWRIDQDIIHFWUHJXODWLRQPRGHORI
ELQJHHDWLQJWKDWWKHH[SHULHQFHRIQHJDWLYHDIIHFWLVDVVRFLDWHGZLWKELQJHHDWLQJHJ
&RRSHUHWDO)DLUEXUQHWDO7KLVQRQVLJQLILFDQWDVVRFLDWLRQPD\EHH[SODLQHG


E\WZRSRVVLELOLWLHV)LUVWWKLVODFNRIDQDVVRFLDWLRQPD\EHVSHFLILFWRWKLVVDPSOH
7KHUHIRUHDWWHPSWVVKRXOGEHPDGHLQIXWXUHUHVHDUFKWRFURVVYDOLGDWHWKLVDVVRFLDWLRQLQWKH
FRQWH[WRIWKHYDULDEOHVK\SRWKHVLVHGLQ)LJXUHZLWKRWKHUVDPSOHV$6HFRQGDQGUHODWHG
SRVVLELOLW\PD\SHUWDLQWRWKHIDFWWKDWLQWKLVVWXG\IDFHWVRIHPRWLRQUHJXODWLRQWKDW
VSHFLILFDOO\WDUJHWWKHLQDELOLW\WRUHJXODWHDIIHFWLQFOXGLQJQHJDWLYHDIIHFWLH'LIILFXOWLHVLQ
5HJXODWLQJ(PRWLRQV6FDOHDQGRYHUHDWLQJLQUHVSRQVHWRHPRWLRQVZKLFKLQFOXGHG
RYHUHDWLQJLQUHVSRQVHWRQHJDWLYHHPRWLRQVLH(PRWLRQDO2YHUHDWLQJ4XHVWLRQQDLUHZHUH
LQFOXGHG&RUUHODWLRQVEHWZHHQWKHVHPHDVXUHVDQGQHJDWLYHDIIHFWZHUHPRGHUDWHDQG
PRGHOOHGLQWKHSDWKDQDO\VHV7KXVLWPD\EHWKDWWKLVHPSLULFDORYHUODSKDVUHVXOWHGLQWKH
QRQVLJQLILFDQWILQGLQJEHWZHHQQHJDWLYHDIIHFWDQGELQJHHDWLQJ
7KHLQFOXVLRQRIPHDVXUHVRIHPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQDQGWKH
H[SHULHQFHRIQHJDWLYHDIIHFWUDLVHVDQLPSRUWDQWSRLQWUHJDUGLQJUHVHDUFKH[DPLQLQJWKH
DIIHFWUHJXODWLRQPRGHORIELQJHHDWLQJ5HVHDUFKH[DPLQLQJWKLVPRGHORIWHQDVVXPHVWKDW
ELQJHHDWLQJLVDUHVSRQVHWRWKHLQDELOLW\WRGHDOZLWKQHJDWLYHDIIHFWEXWRIWHQLQFOXGH
PHDVXUHVUHJDUGLQJWKHH[SHULHQFHRIQHJDWLYHDIIHFWUDWKHUDQDVVHVVPHQWRIWKHUHJXODWLRQ
RIQHJDWLYHHPRWLRQV.D\HHWDO.RII	6DQJDQL7KXVIXWXUHUHVHDUFK
GHOLQHDWLQJWKHLPSDFWRIDIIHFWLYHH[SHULHQFHVUHODWLYHWRDIIHFWLYHUHJXODWLRQDUHUHTXLUHGWR
FODULI\WKLVFRQFHSWXDOLQFRQVLVWHQF\DFURVVH[DPLQLQJWKHDIIHFWUHJXODWLRQPRGHOELQJH
HDWLQJ

 6XPPDU\RI)LQGLQJV
,QVXPPDU\DWWDFKPHQWZDVIRXQGWRLQIOXHQFHELQJHHDWLQJWKURXJKDVHULHVRI
FRPSOH[DVVRFLDWLRQVZLWKFRSLQJVWUDWHJLHVUHJXODWRU\VWUDWHJLHVVXFKDVHPRWLRQ
G\VUHJXODWLRQHPRWLRQDORYHUHDWLQJDQGGLHWDU\UHVWUDLQWDQGWKHDIIHFWLYHYDULDEOHSRVLWLYH
DIIHFWQHJDWLYHO\DVVRFLDWHGZLWKELQJHHDWLQJ7KHDVVRFLDWLRQVEHWZHHQDWWDFKPHQWDQGWKH


FRSLQJVWUDWHJLHVZHUHODUJHO\LQOLQHZLWKSUHGLFWLRQV&RQVWUXFWLYHFRSLQJZDVIRXQGWREH
DVVRFLDWHGZLWKHPRWLRQDORYHUHDWLQJHPRWLRQDOG\VUHJXODWLRQDQGQHJDWLYHDIIHFW(PRWLRQ
IRFXVHGGHDFWLYDWLRQFRSLQJZDVIRXQGWREHDVVRFLDWHGZLWKSRVLWLYHDIIHFWQHJDWLYHDIIHFW
RQO\ZKHQH[DPLQHGWKURXJKPXOWLJURXSLQYDULDQFHWHVWLQJDQGGLHWDU\UHVWUDLQW(PRWLRQ
IRFXVHGK\SHUDFWLYDWLRQFRSLQJZDVDVVRFLDWHGZLWKHPRWLRQDORYHUHDWLQJHPRWLRQDO
G\VUHJXODWLRQQHJDWLYHDIIHFWDQGGLHWDU\UHVWUDLQWIRUWKHQRQELQJHHDWLQJJURXSRQO\
/DVWO\HPRWLRQDORYHUHDWLQJHPRWLRQG\VUHJXODWLRQSRVLWLYHDIIHFWDQGGLHWDU\UHVWUDLQW
ZHUHDOODVVRFLDWHGZLWKELQJHHDWLQJ+RZHYHULQFRQWUDVWZLWKSUHGLFWLRQVQRVLJQLILFDQW
DVVRFLDWLRQZDVIRXQGEHWZHHQQHJDWLYHDIIHFWDQGELQJHHDWLQJ

 )RRGDQG$WWDFKPHQW)XQFWLRQV
7KHVHFRQGPDMRUDLPRIWKLVVWXG\ZDVWRLQYHVWLJDWHWKHH[WHQWWRZKLFKIRRGIXOILOV
DWWDFKPHQWIXQFWLRQVFRPSDUHGWRGLIIHUHQWW\SHVRIFORVHUHODWLRQVKLSV±QDPHO\IDPLOLDO
URPDQWLFDQGSHHUUHODWLRQV*LYHQWKHH[SORUDWRU\QDWXUHRIWKHVHFRQGDLPDVQRUHVHDUFK
WRGDWHKDVH[DPLQHGWKHUROHRIIRRGLQDWWDFKPHQWKLHUDUFKLHVWZRUHVHDUFKTXHVWLRQVZHUH
SURSRVHG6SHFLILFDOO\WKHVHUHVHDUFKTXHVWLRQVZHUHD'RHVIRRGIXOILODWWDFKPHQWQHHGV
DQGGRHVWKLVGLIIHUIRUSHRSOHZKRUHSRUWPRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPV
FRPSDUHGWRSHRSOHZKRUHSRUWOLWWOHWRQRV\PSWRPV"E:KHUHLQWKHDWWDFKPHQW
KLHUDUFK\LVIRRGSRVLWLRQHGDQGGRHVWKLVGLIIHUIRUSHRSOHZKRUHSRUWPRGHUDWHWRVHYHUH
ELQJHHDWLQJV\PSWRPVFRPSDUHGWRSHRSOHZKRUHSRUWOLWWOHWRQRV\PSWRPV",QRUGHUWR
DGGUHVVWKHVHUHVHDUFKTXHVWLRQVWKHUDQNLQJRIIRRGLQWKHDWWDFKPHQWKLHUDUFKLHVRI
LQGLYLGXDOVZHUHDQDO\VHGIRUWKHHQWLUHVDPSOHDQGDWWKHJURXSOHYHOE\FRPSDULQJWKHELQJH
HDWLQJJURXSDQGWKHQRQELQJHHDWLQJJURXS
7KHILQGLQJVRIWKHSUHVHQWVWXG\LQGHHGKLJKOLJKWWKDWIRRGLVXVHGE\SDUWLFLSDQWVWR
IXOILODWWDFKPHQWQHHGV$FURVVWKHHQWLUHVDPSOHRISDUWLFLSDQWVQRPLQDWHGIRRGLQDW


OHDVWRQHRIWKHTXHVWLRQVRQWKH:+2725)XUWKHUPRUHIRRGZDVJLYHQDPHDQUDQNLQJRI
±DUDQNLQJVFRUHWKDWZDVVOLJKWO\KLJKHUWKDQWKDWJLYHQWRVLEOLQJVDQGIDWKHUV7KXV
ZKLOHWKHUDQNLQJRIIRRGVXJJHVWVWKDWLWLVQRWWKHSUHIHUUHGVRXUFHIRUIXOILOOLQJDWWDFKPHQW
QHHGVLWQHYHUWKHOHVVILJXUHVLQWKHQHWZRUNVRIDGXOWV&RQVLVWHQWZLWKSDVWUHVHDUFK
URPDQWLFSDUWQHUVDFKLHYHGWKHKLJKHVWPHDQUDQNLQJVIRUWKHJOREDOVFRUHRQWKH:+2725
DVZHOODVWKHVXEVFDOHVSHUWDLQLQJWRWKHWKUHHDWWDFKPHQWIXQFWLRQV±SUR[LPLW\VHHNLQJVDIH
KDYHQDQGVHFXUHEDVH7KHVHILQGLQJVDUHFRQVLVWHQWZLWKSDVWUHVHDUFKH[DPLQLQJ
DWWDFKPHQWKLHUDUFKLHVLQZKLFKURPDQWLFSDUWQHUVDVVXPHWKHSRVLWLRQRIWKHSULPDU\
DWWDFKPHQWILJXUHE\IXOILOOLQJDOOWKUHHDWWDFKPHQWIXQFWLRQVGXULQJDGXOWKRRGIROORZHGE\
RQH¶VPRWKHUHJ'RKHUW\	)HHQH\)UDOH\	'DYLV=HLIPDQ	+D]DQ

7KHDWWDFKPHQWILJXUHWRUHFHLYHWKHVHFRQGKLJKHVWUDQNLQJDFURVVWKHWKUHHIXQFWLRQV
RIWKH:+2725YDULHGVXFKWKDWµRWKHU¶IROORZHGURPDQWLFSDUWQHULQUHODWLRQWRWKHJOREDO
VFRUHRQWKH:+2725DQGIRUWKHSUR[LPLW\VHHNLQJIXQFWLRQZKLOHIULHQGIROORZHG
URPDQWLFSDUWQHUIRUWKHVDIHKDYHQIXQFWLRQDQGPRWKHUIROORZHGURPDQWLFSDUWQHUIRUWKH
VHFXUHEDVHIXQFWLRQ:KLOHWKHUHH[LVWVVRPHYDULDELOLW\LQWKHILJXUHVFKRVHQWRDFWDV
µDWWDFKPHQWILJXUHVLQUHVHUYH¶=HLIPDQ	+D]DQDFURVVWKHYDULRXVIXQFWLRQVWKH
ILQGLQJVLQWKLVWKHVLVDUHODUJHO\FRQVLVWHQWZLWKSDVWILQGLQJV&ROH	.DUDQW]DV
'RKHUW\	)HHQH\+D]DQ	=HLIPDQ$FURVVSDVWUHVHDUFKSDUHQWVHVSHFLDOO\
PRWKHUVDUHRIWHQUDQNHGKLJKO\LQIXOILOOLQJWKHIXQFWLRQRIVHFXUHEDVHDQGEHVWIULHQGVDUH
RIWHQVRXJKWIRUVDIHW\DQGFRPIRUWLHVDIHKDYHQ±DILQGLQJRIWHQDVVRFLDWHGZLWKDGXOWV¶
ORQJVWDQGLQJDQGFORVHUHODWLRQVKLSVZLWKEHVWIULHQGVHJ&ROH	.DUDQW]DV'RKHUW\
	)HHQH\+D]DQ	=HLIPDQ)RULQVWDQFHLQDODUJHVWXG\RIDWWDFKPHQW
QHWZRUNV'RKHUW\DQG)HHQH\IRXQGWKDWIDPLO\PHPEHUVLQSDUWLFXODUPRWKHUVZHUH
KHDYLO\UHOLHGXSRQLQPHHWLQJWKHQHHGIRUVHFXUHEDVHZKLOHIULHQGVZHUHSUHGRPLQDQWO\


XVHGDVVRXUFHVRIFRPIRUWVDIHKDYHQDQGDVSHRSOHWRVSHQGWLPHZLWKSUR[LPLW\VHHNLQJ
/LNHZLVH+D]DQDQG=HLIPDQIRXQGWKDWPRWKHUVDUHIUHTXHQWO\FDOOHGXSRQWRIXOILO
WKHDWWDFKPHQWQHHGRIVHFXUHEDVHDQGWKDWWKLVIXQFWLRQLVWKHODVWWRWUDQVIHUDFURVVWRSHHUV
DQGSDUWQHUV$FFRUGLQJWR+D]DQDQG=HLIPDQWKLVILQGLQJKLJKOLJKWVWKHSULYLOHJHGSRVLWLRQ
WKDWPRWKHUVKROGLQWKHDWWDFKPHQWQHWZRUNRIDGXOWV
:KLOHWKHUHSRUWLQJRIDWWDFKPHQWKLHUDUFKLHVIRUWKHHQWLUHVDPSOHVXJJHVWVWKDWIRRG
GRHVIXOILODWWDFKPHQWIXQFWLRQVWRVRPHH[WHQWWKHVLJQLILFDQFHRIIRRGLQIXOILOOLQJ
DWWDFKPHQWQHHGVEHFRPHVPRUHSURQRXQFHGZKHQWKHDWWDFKPHQWKLHUDUFKLHVRIWKHELQJH
HDWLQJDQGQRQELQJHHDWLQJJURXSVDUHFRPSDUHG,QFRQGXFWLQJDVHULHVRIJURXSDQDO\VHV
FRPSDULQJWKHUDQNLQJVRIYDULRXVILJXUHVDQGIRRGDFURVVWZRJURXSVIRRGZDVIRXQGWR
UDQNVLJQLILFDQWO\KLJKHUIRUWKHELQJHHDWLQJJURXSDFURVVWKHJOREDO:+2725VFRUHDQG
WKHWKUHHDWWDFKPHQWIXQFWLRQVFRPSDUHGWRWKHQRQELQJHHDWLQJJURXS$FURVVDOODWWDFKPHQW
IXQFWLRQVWKHQRQELQJHHDWLQJJURXSJDYHIRRGDPHDQUDQNLQJZKHUHDVIRRG
UHFHLYHGDPHDQUDQNLQJQRJUHDWHUWKDQIRUWKHELQJHHDWLQJJURXS6XUSULVLQJO\WKH
ODUJHVWGLIIHUHQFHEHWZHHQWKHWZRJURXSVLQWKHUDQNLQJRIIRRGDSSHDUHGDFURVVWKHVHFXUH
EDVHIXQFWLRQZLWKDPHDQUDQNLQJIRUWKHELQJHHDWLQJJURXSRIFRPSDUHGZLWKIRU
WKHQRQELQJHHDWLQJJURXS
7KHGLIIHUHQFHVEHWZHHQWKHWZRJURXSVEHFRPHVHYHQPRUHSURQRXQFHGZKHQWKH
WZRJURXSVDUHFRPSDUHGLQUHODWLRQWRWKHSURSRUWLRQRISDUWLFLSDQWVZKRUDQNYDULRXV
DWWDFKPHQWILJXUHVRUIRRGDVILUVWRUVHFRQGLQWKHLUDWWDFKPHQWKLHUDUFKLHV3URSRUWLRQVW
WHVWVUHYHDOHGWKDWIRUWKHJOREDO:+2725VFRUHDQGDOOWKUHHDWWDFKPHQWIXQFWLRQVD
VLJQLILFDQWO\ODUJHUSURSRUWLRQRIWKHELQJHHDWLQJJURXSUDQNHGIRRGDVHLWKHURQHRUWZR
FRPSDUHGWRWKHQRQELQJHHDWLQJJURXS,QPDQ\LQVWDQFHVIRRGZDVUDQNHGDVHLWKHURQHRU
WZRE\WZRWRIRXUWLPHVPRUHLQGLYLGXDOVLQWKHELQJHHDWLQJJURXSFRPSDUHGWRWKHQRQ
ELQJHHDWLQJJURXS6XUSULVLQJO\DQGRIWKHELQJHHDWLQJJURXSUDQNHGIRRGZLWKLQ


WKHWRSWZRRIWKHLUDWWDFKPHQWKLHUDUFKLHVLQIXOILOOLQJWKHIXQFWLRQVRIVDIHKDYHQDQG
SUR[LPLW\VHHNLQJUHVSHFWLYHO\FRPSDUHGWRRQO\IRUERWKIXQFWLRQVRIWKHQRQELQJH
HDWLQJJURXS)XUWKHUPRUHDVLJQLILFDQWO\VPDOOHUSURSRUWLRQRIWKHELQJHHDWLQJJURXS
UDQNHGURPDQWLFSDUWQHULQWKHWRSWZRRIWKHLUKLHUDUFK\IRUSUR[LPLW\VHHNLQJDQG
VLJQLILFDQWO\PRUHUDQNHGµRWKHU¶LQWKHLUWRSWZRIRUVDIHKDYHQFRPSDUHGWRWKHQRQELQJH
HDWLQJJURXS,QVXPPDU\WKHVHILQGLQJVGHPRQVWUDWHWKDWIRUSHRSOHZKRH[SHULHQFH
PRGHUDWHWRVHYHUHELQJHHDWLQJV\PSWRPDWRORJ\IRRGSOD\VDQLPSRUWDQWUROHLQIXOILOOLQJ
DWWDFKPHQWQHHGV
7KHUHVHDUFKFDUULHGRXWRQDWWDFKPHQWIXQFWLRQVLQWKLVWKHVLVEUHDNVQHZJURXQGLQ
WKHILHOGVRIELQJHHDWLQJDQGDWWDFKPHQWWKHRU\$VDUHVXOWZKHQLWFRPHVWRGLVFXVVLQJWKH
UROHWKDWIRRGSOD\VLQDWWDFKPHQWKLHUDUFKLHVFRPSDULVRQVWRSUHYLRXVVWXGLHVLVQRQ
H[LVWHQW+RZHYHUUHODWHGUHVHDUFKE\.XUGHNRQWKHUROHRISHWGRJVLQ
IXOILOOLQJDWWDFKPHQWIXQFWLRQVDOVRVXJJHVWVWKDWLQGHHGILJXUHVRUREMHFWVRWKHUWKDQKXPDQV
FDQPHHWDWWDFKPHQWQHHGV6SHFLILFDOO\.XUGHNIRXQGWKDWRISDUWLFLSDQWV
QRPLQDWHGSHWGRJVDVWKHKLJKHVWUDQNIRUDOOWKUHHDWWDFKPHQWIXQFWLRQVSUR[LPLW\VHHNLQJ
VHFXUHEDVHDQGVDIHKDYHQ7KXVWKHILQGLQJVIURP.XUGHNDQGWKDWRIWKHSUHVHQWWKHVLV
VXJJHVWWKDWQRQKXPDQILJXUHVRUREMHFWVFDQKDYHDQLPSRUWDQWSODFHLQWKHDWWDFKPHQW
KLHUDUFKLHVRILQGLYLGXDOV,QUHODWLRQWRIRRGIXOILOOLQJDWWDFKPHQWIXQFWLRQVWKHUHDUHWZR
SRVVLEOHH[SODQDWLRQVWKDWPD\SURYLGHLQVLJKWLQWRWKHILQGLQJVUHSRUWHGLQWKLVWKHVLV
)LUVWO\OLNH.REDN¶VUHDVRQLQJUHJDUGLQJWKHUROHRIGRJVLQWKHDWWDFKPHQW
KLHUDUFKLHVRI.XUGHN¶VVWXG\LWPD\ZHOOEHWKDWIRRGIHDWXUHVLQWKHDWWDFKPHQW
KLHUDUFKLHVRISHRSOHHVSHFLDOO\WKRVHH[SHULHQFLQJELQJHHDWLQJGXHWRLWVHDVHRI
DFFHVVLELOLW\DQGSUR[LPLW\7KDWLVZKLOHYDULRXVVWUHVVIXOVLWXDWLRQVPD\KHLJKWHQRQH¶V
GHVLUHWRVHHNSUR[LPLW\RUDFKLHYHVDIHKDYHQRUVHFXUHEDVHIURPDSDUHQWRUURPDQWLF
SDUWQHUWKHVHWWLQJDQLQGLYLGXDOILQGVWKHPVHOYHVLQPD\SXWWKHPZLWKLQFORVHSUR[LPLW\WR


IRRGUDWKHUWKDQDPRUHGHVLUHGILJXUH$V.REDNVXJJHVWV³DQ\SRUWLQDVWRUP´SPD\
PRGHUDWHWKHSUHIHUHQFHVIRUZKRPRQHWXUQVWRLQWKHLUDWWDFKPHQWQHWZRUN7KXVWKH
SK\VLFDODFFHVVLELOLW\WKDWLQGLYLGXDOVPD\KDYHWRREMHFWVVXFKDVSHWGRJVDQGIRRG
FRPSDUHGWRDWWDFKPHQWILJXUHVPD\SURYLGHDQH[SODQDWLRQIRUZK\IRRGH[LVWVLQWKH
DWWDFKPHQWKLHUDUFKLHVRIELQJHHDWHUV
+RZHYHUDFURVVDZLGHYDULHW\RIVWXGLHVDWWDFKPHQWUHVHDUFKHUVKDYHGHPRQVWUDWHG
WKDWXQOLNHFKLOGUHQGHULYLQJDVHQVHRIIHOWVHFXULW\QHHGQRWUHTXLUHSK\VLFDOFORVHQHVVEXW
HYHQUHFDOOLQJSDVWHQFRXUDJLQJZRUGVDQGVHFXULW\HQKDQFLQJLQWHUDFWLRQVZLWKDQ
DWWDFKPHQWILJXUHFDQIXOILOYDULRXVDWWDFKPHQWIXQFWLRQVHJ&LFLUHOOL.DUDQW]DVHW
DO0LNXOLQFHU	6KDYHU7KHIDFWWKDWVRPHLQGLYLGXDOVVWLOOFKRRVHWRWXUQWR
IRRGWRDFKLHYHDVHQVHRIDWWDFKPHQWVHFXULW\UDWKHUWKDQWXUQLQJWRHLWKHUSK\VLFDORU
V\PEROLFUHSUHVHQWDWLRQVRIDWWDFKPHQWILJXUHVVXJJHVWVWKDWIRRGPD\KROGDQLPSRUWDQFH
SRVLWLRQLQIXOILOOLQJDWWDFKPHQWIXQFWLRQVIRUWKHVHLQGLYLGXDOV
 6HFRQGO\WKLVILQGLQJPD\UHIOHFWWKDWSHRSOHZKRH[SHULHQFHELQJHHDWLQJGRLQGHHG
SUHIHUHQWLDOO\WXUQWRIRRGWRIXOILODWWDFKPHQWIXQFWLRQV'UDZLQJRQWKHHDWLQJGLVRUGHUV
OLWHUDWXUHLWVHHPVDIHZVWXGLHVVXJJHVWWKDWIRUSHRSOHZKRH[SHULHQFHELQJHHDWLQJIRRGLV
UHJDUGHGDVDQREMHFWWKDWDVVLVWVLQH[SHULHQFLQJDVHQVHRIFRPIRUWDQGVRRWKLQJLQWLPHVRI
GLVWUHVV&RRSHUHWDO+VX.D\HHWDO/LQJVZLOHUHWDO5RWK
7KDWLVDFFHVVDQGFRQVXPSWLRQRIIRRGGXULQJWLPHVRIVWUHVVRUWKUHDWDWOHDVW
WHPSRUDULO\\LHOGVH[SHULHQFHVVXFKDVVDIHW\DQGFRPIRUWWKDWVXJJHVWIRRGPD\VHUYH
DWWDFKPHQWIXQFWLRQVHJ&RRSHUHWDO+VX5RWK0RUHRYHULWPD\EH
WKDWIRRGVHUYHVWKHDWWDFKPHQWIXQFWLRQVRISHRSOHZKRH[SHULHQFHELQJHHDWLQJDVWKHLU
UHODWLRQVKLSVZLWKRWKHUDWWDFKPHQWILJXUHVPD\EHDVVRFLDWHGZLWKLQHSWRUUHMHFWLQJ
UHVSRQVHVWRDWWDFKPHQWQHHGV7KXVLQVHFXUHDWWDFKPHQWUHODWLRQVKLSVZLWKVLJQLILFDQWRWKHUV
PD\UHVXOWLQIRRGSOD\LQJDPRUHVLJQLILFDQWUROHLQIXOILOOLQJWKHDWWDFKPHQWQHHGVRISHRSOH


ZLWKELQJHHDWLQJ&HUWDLQO\WKHUHVXOWVRIWKHSUHVHQWVWXG\VXJJHVWWKDWWKHELQJHHDWLQJ
JURXSUHSRUWHGVLJQLILFDQWO\KLJKHUDWWDFKPHQWDQ[LHW\DQGDYRLGDQFHFRPSDUHGWRWKHQRQ
ELQJHHDWLQJJURXS$ILQGLQJWKDWLVFRQVLVWHQWZLWKQXPHURXVRWKHUVWXGLHVLQERWKWKHELQJH
HDWLQJDUHDDQGHDWLQJGLVRUGHUVOLWHUDWXUHPRUHJHQHUDOO\:DUGHWDO7KXVLWPD\
ZHOOEHWKDWIRRGJHQXLQHO\UHSUHVHQWVDPRUHUHOLDEOHPHDQVRIPHHWLQJDWWDFKPHQWQHHGV
WKDQWKDWRIVLJQLILFDQWRWKHUVZKRFDQQRWEHFRQILGHQWO\UHOLHGXSRQWRPHHWQHHGVRIORYH
FRPIRUWDQGVHFXULW\

 5HVHDUFK/LPLWDWLRQVDQG)XWXUH'LUHFWLRQV
7KHUHZHUHDQXPEHURIOLPLWDWLRQVZLWKWKHUHVHDUFKFDUULHGRXWDVSDUWRIWKLVWKHVLV
WKDWQHHGWREHFRQVLGHUHGZKHQLQWHUSUHWLQJDQGRUJHQHUDOLVLQJWKHVWXG\ILQGLQJV7KHVH
OLPLWDWLRQVDUHGLVFXVVHGLQWKLVVHFWLRQDVDUHWKHIXWXUHUHVHDUFKGLUHFWLRQV
)LUVWO\WKHFXUUHQWVWXG\HPSOR\HGDFURVVVHFWLRQDOVWXG\GHVLJQWRLQYHVWLJDWHWKH
DVVRFLDWLRQEHWZHHQDWWDFKPHQWDQGELQJHHDWLQJ$VVXFKFDXVDWLRQFDQQRWEHLQIHUUHGZLWK
UHJDUGVWRWKHPRGHOWHVWHGH[DPLQLQJWKHUHODWLRQVKLSEHWZHHQDWWDFKPHQWFRSLQJDQGWKH
UHJXODWRU\DQGDIIHFWLYHIDFWRUVK\SRWKHVLVHGWREHDVVRFLDWHGZLWKELQJHHDWLQJ,QRUGHUIRU
DVVXPSWLRQVUHJDUGLQJFDXVDOUHODWLRQVKLSVWREHHVWDEOLVKHGIXWXUHUHVHDUFKZRXOGQHHGWR
HPSOR\ORQJLWXGLQDOGHVLJQVDQGFRQGXFWFURVVODJJHGSDQHODQDO\VHVRIWKHPRGHOWHVWHGLQ
WKHSUHVHQWVWXG\RUGHVLJQH[SHULPHQWDOVWXGLHVWRWHVWLIPDQLSXODWLRQVLQRQHIDFWRU\LHOG
RXWFRPHVLQDQRWKHU7KLVEHLQJVDLGDORQJLWXGLQDOVWXG\RUH[SHULPHQWDOVWXG\ZDVRXWVLGH
WKHVFRSHRIWKLVFXUUHQWWKHVLV7KHH[SORUDWRU\QDWXUHRIWKLVVWXG\UHTXLUHGWKDWWKHFRPSOH[
DVVRFLDWLRQDPRQJVWYDULDEOHVEHILUVWHVWDEOLVKHGDVQHFHVVDU\SUHUHTXLVLWHVIRUIXWXUH
ORQJLWXGLQDORUH[SHULPHQWDOVWXGLHV


6HFRQGO\LWVKRXOGEHQRWHGWKDWWKHH[DPLQDWLRQRIIRRGLQIXOILOOLQJDWWDFKPHQW
IXQFWLRQVZDVKLJKO\H[SORUDWRU\LQQDWXUH7KHQRWLRQWKDWIRRGPD\IXOILODWWDFKPHQW
IXQFWLRQVLVLQGHHGDQRYHOLGHDWKDWSULRUWRWKLVVWXG\KDGUHFHLYHGQRHPSLULFDODWWHQWLRQ
:KLOVWVRPHVWXGLHVKDYHH[DPLQHGDGXOWV¶DWWDFKPHQWUHODWLRQVKLSVZLWKKXPDQVXEVWLWXWHV
VXFKDVSHWGRJV.XUGHNWKHLGHDWKDWDQ\WKLQJRWKHUWKDQDKXPDQFDQDFWDV
DQDWWDFKPHQWILJXUHFKDOOHQJHVFXUUHQWFRQFHSWLRQVRIDWWDFKPHQWWKHRU\DQGPD\EH
FRQVLGHUHGFRQWURYHUVLDOE\VRPHDWWDFKPHQWWKHRULVWV.REDN:KLOHDQH[LVWLQJ
PHDVXUHRIDVVHVVLQJDWWDFKPHQWKLHUDUFKLHVLHWKH:+272)UDOH\	'DYLVZDV
PRGLILHGWRDVVHVVWKHFDSDFLW\RIIRRGWRIXOILODWWDFKPHQWQHHGVWKHILQGLQJVRIWKHSUHVHQW
VWXG\UHTXLUHUHSOLFDWLRQWRVWUHQJWKHQWKHYHUDFLW\RIWKHFODLPVPDGHLQWKLVWKHVLVUHJDUGLQJ
WKHUROHRIIRRG)XWXUHVWXGLHVZRXOGQHHGWRSURYLGHIXUWKHUVXSSRUWIRUWKHSV\FKRPHWULF
SURSHUWLHVRIWKHPRGLILHG:+272LHWKH:+2725XVHGLQWKLVWKHVLVEXWDOVRWR
H[SORUHWKHH[WHQWWKDWIRRGLVXVHGWRIXOILODWWDFKPHQWQHHGVDVDPDWWHURISUHIHUHQFHRUDV
DPDWWHURIDYDLODELOLW\UHODWLYHWRRWKHUDWWDFKPHQWILJXUHV7KLVLVDSRLQWVSHFLILFDOO\
DUWLFXODWHGE\.REDNZKRVXJJHVWVWKDWWKHDYDLODELOLW\RIDWWDFKPHQWILJXUHVLVOLNHO\
WREHDQLPSRUWDQWPRGHUDWLQJIDFWRULQWKHFRQILJXUDWLRQRIDWWDFKPHQWUDQNLQJVLQDJLYHQ
WLPHDQGFRQWH[W
 7KLUGO\FDXWLRQVKRXOGEHWDNHQZKHQJHQHUDOLVLQJWKHILQGLQJVIURPWKHSUHVHQW
VWXG\WRWKHZLGHUSRSXODWLRQ7KHFXUUHQWVWXG\UHFUXLWHGSDUWLFLSDQWVYLDDQLQWHUQHWVRFLDO
QHWZRUNLQJVLWHDQGGXHWRWKHVHOIVHOHFWLQJQDWXUHRIWKHVDPSOHLWZDVQRWSRVVLEOHWR
HQVXUHDQHYHQGLVWULEXWLRQDFURVVJHQGHU6(6DQGFXOWXUHZHUHREWDLQHG)XUWKHUPRUHLWLV
LPSRUWDQWWRQRWHWKDWWKHVDPSOHRIWKHSUHVHQWVWXG\OLNHO\FRQVLVWHGRIDKLJKHUSHUFHQWDJH
RILQGLYLGXDOVZKRHQJDJHLQELQJHHDWLQJDVPHDVXUHGE\WKH*RUPDOO\%LQJH(DWLQJ6FDOH
WKDQLVUHSUHVHQWDWLYHRIWKHJHQHUDOSRSXODWLRQ:KLOHELQJHHDWLQJSUHYDOHQFHUDWHVLQ
VWXGLHVLQYROYLQJLQGLYLGXDOVVHHNLQJWUHDWPHQWIRUDQHDWLQJGLVRUGHUFDQEHDVKLJKDV


HJ6SLW]HUHWDOUHFHQWSUHYDOHQFHUDWHVRIELQJHHDWLQJV\PSWRPDWRORJ\LQWKH
JHQHUDOFRPPXQLW\WHQGVWREHEHWZHHQDQG6WULHJHO0RRUHHWDO,QWKH
SUHVHQWVWXG\DSSUR[LPDWHO\RISDUWLFLSDQWVUHSRUWHGPRGHUDWHWRVHYHUHELQJHHDWLQJ
V\PSWRPVWKXVLWLVOLNHO\WKDWLQGLYLGXDOVZKRZHUHDOUHDG\H[SHULHQFLQJLVVXHVZLWKELQJH
HDWLQJZHUHPRUHLQFOLQHGWRSDUWLFLSDWHLQWKLVVWXG\
)RXUWKO\ZKLOHWKHSUHVHQWVWXG\ZDVQRWOLPLWHGWRWKHVWXG\RIZRPHQ
DSSUR[LPDWHO\RISDUWLFLSDQWVZHUHZRPHQ7KXVDQH[DPLQDWLRQRIJHQGHUGLIIHUHQFHV
FRXOGQRWEHFRQGXFWHGDVSDUWRIWKLVVWXG\&DOOVKDYHEHHQPDGHDFURVVQXPHURXVVWXGLHV
IRULQYHVWLJDWLRQVWRLQFUHDVLQJO\WDUJHWJHQGHUGLIIHUHQFHVZLWKVRPHDXWKRUVVXFKDV
6WULHJHO0RRUHHWDOVXJJHVWLQJWKDWWKHV\PSWRPVDVVRFLDWHGZLWKYDULRXVHDWLQJ
GLVRUGHUVPD\GLIIHUIRUPHQDQGZRPHQ&OHDUO\IXWXUHGLUHFWLRQVRIWKHFXUUHQWWKHVLV
VKRXOGHPSOR\VWXG\GHVLJQVWRUHFUXLWODUJHUVDPSOHVRIPHQWRXQGHUWDNHVXFKLPSRUWDQW
FRPSDULVRQV
)LQDOO\WKHILQGLQJVRIWKHSUHVHQWVWXG\ZHUHGHULYHGVROHO\WKURXJKWKH
DGPLQLVWUDWLRQRIVHOIUHSRUWPHDVXUHVUDWKHUWKDQHPSOR\LQJTXDOLWDWLYHDQGLQWHUYLHZEDVHG
DVVHVVPHQWVRISDUWLFLSDQWV$VQRWHGLQ6HFWLRQRIWKLVWKHVLVWKHUHH[LVWVVRPH
FRQMHFWXUHLQWKHHDWLQJGLVRUGHUVOLWHUDWXUHUHJDUGLQJWKHXVHRIVHOIUHSRUWYHUVXVLQWHUYLHZ
PHDVXUHV:KLOHLQWHUYLHZSURFHGXUHVFDQSURYLGHULFKDQGLQGHSWKGDWDUHJDUGLQJHDWLQJ
SDWKRORJ\QXPHURXVVHOIUHSRUWPHDVXUHVKDYHEHHQVKRZQWRGHPRQVWUDWHYHU\JRRG
SV\FKRPHWULFSURSHUWLHVDQGILQGLQJVIURPWKHVHVWXGLHVDUHIRXQGWRFRUURERUDWHZLWK
ILQGLQJVIURPVWXGLHVXVLQJLQWHUYLHZDQGTXDOLWDWLYHPHWKRGVHJ)DLUEXUQ	%HJOLQ
3HWHUVRQ	0LWFKHOO0RUHRYHUVHOIUHSRUWPHDVXUHVDIIRUGDQHFRQRP\RIVFDOHVXFK
WKDWODUJHVDPSOHVRISDUWLFLSDQWVFDQEHUHFUXLWHGWRIDFLOLWDWHWKHWHVWLQJRIPRGHOVDV
XQGHUWDNHQLQWKHSUHVHQWWKHVLV)XUWKHUPRUHVRPHUHVHDUFKHUVDUJXHWKDWVHOIUHSRUW
PHDVXUHVRIGLVRUGHUHGHDWLQJSURYLGHDPRUHDFFXUDWHUHSUHVHQWDWLRQRIDFWXDO


V\PSWRPDWRORJ\DVSDUWLFLSDQWVDUHPRUHOLNHO\WRGLYXOJHHPEDUUDVVLQJEHKDYLRXUVOLNH
ELQJHLQJDQGSXUJLQJZKHQWKH\DUHJLYHQWKHIUHHGRPWRDQRQ\PRXVO\UHSRUWVXFK
EHKDYLRXUV)DLUEXUQ	%HJOLQ

 ,PSOLFDWLRQV
7KHILQGLQJVIURPWKHSUHVHQWVWXG\KDYHQXPHURXVWKHRUHWLFDODQGDSSOLHG
LPSOLFDWLRQVIRUWKHVWXG\RIELQJHHDWLQJDQGWKHDUHDRIDWWDFKPHQWWKHRU\)LUVWO\WKLVVWXG\
SURYLGHVLQVLJKWVLQWRKRZDQDWWDFKPHQWWKHRU\IUDPHZRUNPD\IXUWKHULQIRUPUHVHDUFKHUV¶
DQGSUDFWLWLRQHUV¶XQGHUVWDQGLQJRIELQJHHDWLQJ$VDEURDGWKHRU\RIKXPDQERQGLQJ
GLVWUHVVDQGHPRWLRQUHJXODWLRQDWWDFKPHQWWKHRU\SURYLGHVDQHOHJDQWH[SODQDWLRQUHJDUGLQJ
KRZUHJXODWRU\DQGDIIHFWLYHYDULDEOHVZLGHO\VWXGLHGLQWKHELQJHHDWLQJOLWHUDWXUHPD\DW
OHDVWLQSDUWEHXQGHUSLQQHGE\WKHK\SHUDFWLYDWLQJDQGGHDFWLYDWLQJVWUDWHJLHVDVVRFLDWHG
ZLWKDWWDFKPHQWDQ[LHW\DQGDWWDFKPHQWDYRLGDQFH7RWKLVHQGDWWDFKPHQWWKHRU\SURYLGHV
DQRULHQWLQJIUDPHZRUNIRUWKHLQFOXVLRQRIFRSLQJVWUDWHJLHVDORQJVLGHVXFKYDULDEOHVDV
HPRWLRQG\VUHJXODWLRQHPRWLRQDORYHUHDWLQJWKHH[SHULHQFHRISRVLWLYHDQGQHJDWLYHDIIHFW
DQGGLHWDU\UHVWUDLQWLQWKHVWXG\RIELQJHHDWLQJ7KDWLVXVLQJDQDWWDFKPHQWWKHRU\
IUDPHZRUNSDWKZD\VFDQEHSURSRVHGUHJDUGLQJKRZLQVHFXUHDWWDFKPHQWWKURXJKWKHXVHRI
FRSLQJVWUDWHJLHVFDQLQIOXHQFHDFRQVWHOODWLRQRIIDFWRUVFRPPRQO\DVVRFLDWHGZLWKELQJH
HDWLQJV\PSWRPDWRORJ\
0RUHRYHUVLWXDWLQJWKHVWXG\RIIRRGIURPDQDWWDFKPHQWWKHRU\IUDPHZRUNSURYLGHV
DQRSSRUWXQLW\WRXQGHUVWDQGKRZIRRGIXOILOVWKHVRFLRHPRWLRQDOQHHGVIRUSHRSOHZKR
H[SHULHQFHELQJHHDWLQJ7KLVVWXG\LVWKHILUVWWRH[DPLQHWKHH[WHQWWKDWIRRGIXOILOV
DWWDFKPHQWQHHGV,QGHPRQVWUDWLQJWKDWIRRGGRHVIXOILODWWDFKPHQWSXUSRVHVWKHILQGLQJVRI
WKHSUHVHQWVWXG\VKHGQHZOLJKWRQWKHH[WHQWWRZKLFKSHRSOHWXUQWRZDUGIRRGWRH[SHULHQFH


ORYHFRPIRUWDQGVHFXULW\7KLVKDVVLJQLILFDQWLPSOLFDWLRQVIRUIXWXUHVWXGLHVLQSURYLGLQJD
IUDPHZRUNWRXQSDFNWHUPVVXFKDVµFRPIRUWHDWLQJ¶DQGµHPRWLRQDOHDWLQJ¶)XUWKHUPRUHWKH
H[DPLQDWLRQRIIRRGLQIXOILOOLQJDWWDFKPHQWQHHGVH[WHQGVWKHERXQGDULHVRIDWWDFKPHQW
WKHRU\WRLQFOXGHREMHFWVDVKDYLQJDWWDFKPHQWIXQFWLRQV:KLOHWKHH[WHQVLRQRIDWWDFKPHQW
WKHRU\EH\RQGKXPDQVWRREMHFWVPD\EHUHJDUGHGDVFRQWURYHUVLDOE\VRPHHJ.REDN
%RZOE\GUHZLQSDUWRQREMHFWUHODWLRQVWKHRU\LQGHULYLQJKLVWKHRUHWLFDODVVXPSWLRQV
ZKLFKIRUPHGWKHEDVLVRIDWWDFKPHQWWKHRU\%RZOE\%UHWKHUWRQ:LWKLQ
WKHFRQWH[WRIREMHFWUHODWLRQVWKHRU\REMHFWVQRWRQO\UHIHUWRLQGLYLGXDOVEXWDQ\REMHFWZLWK
ZKLFKRQHIRUPVDSRZHUIXODIIHFWLYHDVVRFLDWLRQ.OHLQ7KXVLQWKHDEVHQFHRI
UHOLDEOHORYLQJDQGFRPIRUWLQJDWWDFKPHQWILJXUHVDQREMHFWVXFKDVIRRGPD\VHUYHWRIXOILO
DWWDFKPHQWIXQFWLRQVDQGWKXVDQLPSRUWDQWVRFLRHPRWLRQDODVVRFLDWLRQ
7KHDSSOLFDWLRQRIDWWDFKPHQWWKHRU\WRWKHVWXG\RIELQJHHDWLQJDQGWKHILQGLQJVRI
WKHSUHVHQWVWXG\DUHOLNHO\WRKDYHLPSRUWDQWFOLQLFDOLPSOLFDWLRQV)LUVWO\WKHILQGLQJVRIWKH
SUHVHQWVWXG\VXJJHVWWKDWLWPD\EHLPSRUWDQWWRMRLQWO\DVVHVVDQGWKHUDSHXWLFDOO\WDUJHWWKH
DWWDFKPHQWVW\OHDQGFRSLQJVWUDWHJLHVRIFOLHQWVZKRSUHVHQWZLWKELQJHHDWLQJ:KLOHSDVW
UHVHDUFKKDVVXJJHVWHGWKDWLWPD\EHIUXLWIXOWRWDUJHWWKHFRSLQJVWUDWHJLHVRISHRSOHZKR
H[SHULHQFHELQJHHDWLQJLQWKHUDS\0D\KHZ	(GHOPDQWKHILQGLQJVRIWKLVVWXG\
KLJKOLJKWWKDWWDNLQJVXFKDWKHUDSHXWLFDSSURDFKPD\EHIXWLOHLIWKHDWWDFKPHQWVW\OHRIWKH
LQGLYLGXDOLVQRWFRQVLGHUHG7KXVWKHUDSHXWLFZRUNLQWKHFRQWH[WRIELQJHHDWLQJLVOLNHO\WR
UHTXLUHWKDWDWWDFKPHQWUHODWHGLVVXHVDUHDGGUHVVHGLQRUGHUWRDOVRHIIHFWFKDQJHLQFRSLQJ
VWUDWHJLHV)XUWKHUPRUHDQDWWDFKPHQWSHUVSHFWLYHPD\DVVLVWFOLQLFLDQVDQGFRXQVHOORUVLQ
WDLORULQJWKHLUWKHUDS\RISHRSOHZKRH[SHULHQFHELQJHHDWLQJWKURXJKXQGHUVWDQGLQJWKHUROH
RIDWWDFKPHQWLQWKHLUH[SHULHQFHVDQGUHJXODWLRQRIDIIHFWDQGWKHLUUHDVRQVIRUHQJDJLQJLQ
GLHWDU\UHVWUDLQW7KXVWDNLQJDQDWWDFKPHQWWKHRU\DSSURDFKWRWKHUDS\PD\HQKDQFH
WKHUDSHXWLFRXWFRPHVIRUWKRVHZKRH[SHULHQFHELQJHHDWLQJ
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
,QOLQHZLWKWKHDERYHSRLQWFOLQLFDOVWXGLHVLQWKHDUHDRIHDWLQJGLVRUGHUVVXJJHVWWKDW
&%7EDVHGDSSURDFKHVWRWUHDWPHQWDUHRIEHQHILWWRRQO\RISHRSOHH[SHULHQFLQJ
DQHDWLQJGLVRUGHU0LWFKHOO$JUDV	:RQGHUOLFK7DVFDHWDO$VDUHVXOW
LQFUHDVLQJHPSKDVLVKDVEHHQSODFHGRQ,37DVDWKHUDS\JLYHQWKDWDGGUHVVLQJLQWHUSHUVRQDO
LVVXHVKDVEHHQLGHQWLILHGDVDNH\IDFWRULQWKHWUHDWPHQWRIYDULRXVHDWLQJGLVRUGHUVHJ
)DLUEXUQHWDO,QSDUWLFXODU,37KDVEHHQIRXQGWREHDQHIIHFWLYHWKHUDSHXWLF
DOWHUQDWLYHIRUWKHWUHDWPHQWRIELQJHHDWLQJWR&%70XUSK\HWDO+RZHYHU5HLJHU
HWDOQRWHWKDWWKHUHH[LVWVDQ³LQVXIILFLHQWWKHRUHWLFDOIRXQGDWLRQRI,37´S
VXFKWKDWWKHWKHUDS\LVORRVHO\EDVHGRQIUDPHZRUNVSHUWDLQLQJWRIDPLO\V\VWHPVWKHRU\DQG
DWWDFKPHQWWKHRU\'HVSLWHGUDZLQJRQDWWDFKPHQWWKHRU\WRDQH[WHQWWKLVIRUPRIWKHUDS\
KDVQRWEHHQH[SDQGHGWRLQFOXGHKRZWKHDWWDFKPHQWKLVWRULHVDVVRFLDWHGZLWKYDULRXV
DWWDFKPHQWVW\OHVPD\FRQWULEXWHWRGLIIHUHQWSDWKZD\VLQWKHH[SUHVVLRQRIDQHDWLQJ
GLVRUGHU0RUHUHFHQWO\FOLQLFDOVWXGLHVE\7DVFDHWDOWKDWILUPO\VLWXDWHV
LQWHUSHUVRQDODSSURDFKHVWRWKHUDS\IURPDQDWWDFKPHQWWKHRU\SHUVSHFWLYHDUHSURPLVLQJ
6SHFLILFDOO\WDLORULQJWKHWKHUDS\RIHDWLQJGLVRUGHUFOLHQWVIURPDQDWWDFKPHQWWKHRU\
SHUVSHFWLYHKDVEHHQVKRZQWRUHGXFHWKHSURSHQVLW\RIFOLHQWLQLWLDWHGHDUO\WHUPLQDWLRQRI
WKHUDS\DQGLPSURYHGWKHUDSHXWLFDOOLDQFHHJ7DVFDHWDO7KXV
DWWDFKPHQWWKHRU\LVOLNHO\WRSURYLGHDQLPSRUWDQWEDVLVIRUIXWXUHEDVLFDQGDSSOLHGUHVHDUFK
LQWKHVWXG\RIHDWLQJGLVRUGHUV
7KHGHYHORSHGPRGHORIELQJHHDWLQJLQFRUSRUDWLQJDWWDFKPHQWGLPHQVLRQVPD\
SURYLGHFOLQLFLDQVZLWKIXUWKHULQVLJKWLQWRKRZDWWDFKPHQWLVOLQNHGWRHPRWLRQDOSUREOHPV
DQGRXWFRPHEHKDYLRXUV7KHILQGLQJVRIWKLVVWXG\PD\DVVLVWLQWKHGHYHORSPHQWRIELQJH
HDWLQJWUHDWPHQWE\VXJJHVWLQJWKDWFOLQLFLDQVDGGUHVVLQWHUSHUVRQDOUHODWLRQVKLSVDQG
DWWDFKPHQWGLIILFXOWLHVLQWKHUDS\7KHGLUHFWHIIHFWVRIDWWDFKPHQWLQVHFXULWLHVRQHPRWLRQDO
UHJXODWLRQDQGRXWFRPHEHKDYLRXUVXJJHVWWKDWXSVNLOOLQJWKHUDSLVWVLQDWWDFKPHQWLVVXHV


PD\SURYHYDOXDEOHDQGPRUHHPSKDVLVRQDWWDFKPHQWWKHRU\GXULQJSV\FKRORJLFDOWUDLQLQJ
PD\EHDZRUWKZKLOHFRQVLGHUDWLRQ

 &RQFOXVLRQ
7KHLQYHVWLJDWLRQUHSRUWHGLQWKLVWKHVLVH[DPLQHGELQJHHDWLQJIURPDQDWWDFKPHQW
WKHRU\SHUVSHFWLYH7KHILQGLQJVIURPWKLVWKHVLVVXJJHVWWKDWDWWDFKPHQWWKHRU\PD\EH
UHJDUGHGDVDQLPSRUWDQWIUDPHZRUNLQIXUWKHUXQGHUVWDQGLQJWKHGHYHORSPHQWDQG
PDLQWHQDQFHRIELQJHHDWLQJV\PSWRPDWRORJ\DVZHOODVWKHUROHRIIRRGLQIXOILOOLQJWKH
DWWDFKPHQWQHHGVRISHRSOHZKRH[SHULHQFHELQJHHDWLQJ7KXVLQWKHFRQVWHOODWLRQRIIDFWRUV
WKDWKDYHEHHQIRXQGWRLQIOXHQFHWKHGHYHORSPHQWDQGPDLQWHQDQFHRIELQJHHDWLQJWKH
FXUUHQWWKHVLVILUPO\SRVLWLRQVDQLQGLYLGXDO¶VQHHGWRH[SHULHQFHORYLQJDQGVXSSRUWLYH
UHODWLRQVKLSVDVFHQWUDOLQPLWLJDWLQJDJDLQVWGHYHORSLQJWR[LFUHODWLRQVKLSVZLWKIRRG

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*XLOIRUG3UHVV
$PHULFDQ3V\FKLDWULF$VVRFLDWLRQ'LDJQRVWLFDQGVWDWLVWLFDOPDQXDORIPHQWDO
GLVRUGHUVWKHG:DVKLQJWRQ'&$XWKRU
$UPVWURQJ-*	5RWK'0$WWDFKPHQWDQGVHSDUDWLRQGLIILFXOWLHVLQHDWLQJ
GLVRUGHUV$SUHOLPLQDU\LQYHVWLJDWLRQ,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRL;
%DOH5-	.DUDQW]DV*&$QLQYHVWLJDWLRQRIFRSLQJIURPDQDWWDFKPHQWWKHRU\
SHUVSHFWLYH8QSXEOLVKHGPDQXVFULSW
%DUNHU(7:LOOLDPV5/	*DODPERV1/'DLO\6SLOORYHUWRDQGIURP%LQJH
(DWLQJLQ)LUVW<HDU8QLYHUVLW\)HPDOHV(DWLQJ'LVRUGHUV7KH-RXUQDORI
7UHDWPHQW	3UHYHQWLRQGRL
%DUWKRORPHZ.	+RURZLW]/0$WWDFKPHQWVW\OHVDPRQJ\RXQJDGXOWV$WHVW
RIDIRXUFDWHJRU\PRGHO-RXUQDORI3HUVRQDOLW\$QG6RFLDO3V\FKRORJ\
GRL
%HUDQW(0LNXOLQFHU0	)ORULDQ97KHDVVRFLDWLRQRIPRWKHUV
DWWDFKPHQW
VW\OHDQGWKHLUSV\FKRORJLFDOUHDFWLRQVWRWKHGLDJQRVLVRILQIDQW
VFRQJHQLWDOKHDUW
GLVHDVH-RXUQDORI6RFLDODQG&OLQLFDO3V\FKRORJ\
GRLMVFS
%LUQEDXP*(2UU,0LNXOLQFHU0	)ORULDQ9:KHQPDUULDJHEUHDNVXS
'RHVDWWDFKPHQWVW\OHFRQWULEXWHWRFRSLQJDQGPHQWDOKHDOWK"-RXUQDORI6RFLDO
DQG3HUVRQDO5HODWLRQVKLSVGRL


%RQDV60F1LFKRODV-	&ROOLV*03HWVLQWKHQHWZRUNRIIDPLO\
UHODWLRQVKLSV$QHPSLULFDOVWXG\,Q$/3RGEHUVFHN(63DXO-$6HUSHOO$
/3RGEHUVFHN(63DXO-$6HUSHOO(GV&RPSDQLRQDQLPDOVDQGXV
([SORULQJWKHUHODWLRQVKLSVEHWZHHQSHRSOHDQGSHWVSS1HZ<RUN
&DPEULGJH8QLYHUVLW\3UHVV
%RRPVPD$5HSRUWLQJDQDO\VHVRIFRYDULDQFHVWUXFWXUHV6WUXFWXUDO(TXDWLRQ
0RGHOLQJ±
%RZOE\-$WWDFKPHQWQGHG1HZ<RUN%DVLF%RRNV2ULJLQDOZRUN
SXEOLVKHG
%RZOE\-$VHFXUHEDVH&OLQLFDOLPSOLFDWLRQVRIDWWDFKPHQWWKHRU\/RQGRQ
5RXWOHGJH
%UHQQDQ.$&ODUN&/	6KDYHU356HOIUHSRUWPHDVXUHPHQWRIDGXOW
DWWDFKPHQW$QLQWHJUDWLYHRYHUYLHZ,Q-$6LPSVRQ:5KROHV-$6LPSVRQ
:5KROHV(GV$WWDFKPHQWWKHRU\DQGFORVHUHODWLRQVKLSVSS1HZ
<RUN*XLOIRUG3UHVV
%UHQQDQ.$	6KDYHU35'LPHQVLRQVRIDGXOWDWWDFKPHQWDIIHFWUHJXODWLRQ
DQGURPDQWLFUHODWLRQVKLSIXQFWLRQLQJ3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\%XOOHWLQ
GRL
%UHWKHUWRQ,$WWDFKPHQWWKHRU\5HWURVSHFWDQGSURVSHFW0RQRJUDSKVRI7KH
6RFLHW\IRU5HVHDUFKLQ&KLOG'HYHORSPHQWGRL
%UHWKHUWRQ,7KHRULJLQVRIDWWDFKPHQWWKHRU\-RKQ%RZOE\DQG0DU\$LQVZRUWK
'HYHORSPHQWDO3V\FKRORJ\GRL
%UHZHUWRQ7''DQVN\%6.LOSDWULFN'*	2
1HLO30:KLFKFRPHV
ILUVWLQWKHSDWKRJHQHVLVRIEXOLPLDQHUYRVD'LHWLQJRUELQJHLQJ",QWHUQDWLRQDO
-RXUQDORI(DWLQJ'LVRUGHUVGRL
;$,'($7!&2'
%UREHUJ$*+MDOPHUV/	1HYRQHQ/(DWLQJGLVRUGHUVDWWDFKPHQWDQG
LQWHUSHUVRQDOGLIILFXOWLHV$FRPSDULVRQEHWZHHQWR\HDUVROGSDWLHQWVDQG
QRUPDOFRQWUROV(XURSHDQ(DWLQJ'LVRUGHUV5HYLHZ
GRLHUY
%UXFK+)DPLO\WUDQVDFWLRQVLQHDWLQJGLVRUGHUV&RPSUHKHQVLYH3V\FKLDWU\
GRL;


%XHORZ6$/\GGRQ:-	-RKQVRQ-7&OLHQWDWWDFKPHQWDQGFRSLQJ
UHVRXUFHV&RXQVHOOLQJ3V\FKRORJ\4XDUWHUO\
GRL
%XOLN&0	%ULQGHG(&7KHHIIHFWRIIRRGGHSULYDWLRQRQWKHUHLQIRUFLQJYDOXH
RIIRRGDQGVPRNLQJLQEXOLPLFDQGFRQWUROZRPHQ3K\VLRORJ\	%HKDYLRU
GRL
%\UQH%06WUXFWXUDOHTXDWLRQPRGHOLQJZLWK$026%DVLFFRQFHSWVDSSOLFDWLRQV
DQGSURJUDPPLQJ0DKZDK1-/DZUHQFH(UOEDXP$VVRFLDWHV
&DQGHORUL&	&LRFFD$$WWDFKPHQWDQGHDWLQJGLVRUGHUV,Q$&LRFFD(G
3V\FKRWKHUDSHXWLFLVVXHVLQHDWLQJGLVRUGHUV0RGHOVPHWKRGVDQGUHVXOWVSS
±5RPH6RFLHWD(GLWULFH8QLYHUVR
&DUYHU&66FKHLHU0)	:HLQWUDXE-.$VVHVVLQJFRSLQJVWUDWHJLHV$
WKHRUHWLFDOO\EDVHGDSSURDFK-RXUQDORI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\
GRL
&DVVLG\-(PRWLRQUHJXODWLRQ,QIOXHQFHVRIDWWDFKPHQWUHODWLRQVKLSV0RQRJUDSKV
RIWKH6RFLHW\IRU5HVHDUFKLQ&KLOG'HYHORSPHQW
GRL
&DVVLG\-7KHQDWXUHRIWKHFKLOG
VWLHV,Q-&DVVLG\356KDYHU(GV+DQGERRN
RIDWWDFKPHQW7KHRU\UHVHDUFKDQGFOLQLFDODSSOLFDWLRQVSS1HZ<RUN
*XLOIRUG3UHVV
&DVVLG\-	.REDN5$YRLGDQFHDQGLWVUHODWLRQWRRWKHUGHIHQVLYHSURFHVVHV,Q-
%HOVN\71H]ZRUVNL-%HOVN\71H]ZRUVNL(GV&OLQLFDOLPSOLFDWLRQVRI
DWWDFKPHQWSS+LOOVGDOH1-(QJODQG/DZUHQFH(UOEDXP$VVRFLDWHV
,QF
&DVWOH.6$WWDFKPHQWZHOOQHVVDQGGLVRUGHUHGHDWLQJLQFROOHJHZRPHQ
'LVVHUWDWLRQ$EVWUDFWV,QWHUQDWLRQDO6HFWLRQ$
&KDVVOHU/8QGHUVWDQGLQJDQRUH[LDQHUYRVDDQGEXOLPLDQHUYRVDIURPDQDWWDFKPHQW
SHUVSHFWLYH&OLQLFDO6RFLDO:RUN-RXUQDO
GRL$
&KHQJ+	0DOOLQFNURGW%3DUHQWDOERQGVDQ[LRXVDWWDFKPHQWPHGLD
LQWHUQDOL]DWLRQDQGERG\LPDJHGLVVDWLVIDFWLRQ([SORULQJDPHGLDWLRQPRGHO
-RXUQDORI&RXQVHOLQJ3V\FKRORJ\GRLD


&LFLUHOOL9*6LEOLQJUHODWLRQVKLSVDFURVVWKHOLIHVSDQ1HZ<RUN3OHQXP3UHVV
&ROH'HWNH+	.REDN5$WWDFKPHQWSURFHVVHVLQHDWLQJGLVRUGHUDQGGHSUHVVLRQ
-RXUQDORI&RQVXOWLQJDQG&OLQLFDO3V\FKRORJ\GRL
;
&ROOLQV1/	$OODUG/0&RJQLWLYHUHSUHVHQWDWLRQVRIDWWDFKPHQW7KHFRQWHQW
DQGIXQFWLRQRIZRUNLQJPRGHOV,Q*-2)OHWFKHU	06&ODUN(GV%ODFNZHOO
KDQGERRNRIVRFLDOSV\FKRORJ\,QWHUSHUVRQDOSURFHVVHVSS8QLWHG
.LQJGRP%ODFNZHOO3XEOLVKLQJ
&RRSHU-/0RUULVRQ7/%LJPDQ2/	$EUDPRZLW]6,0RRGFKDQJHV
DQGDIIHFWLYHGLVRUGHULQWKHEXOLPLFELQJHSXUJHF\FOH,QWHUQDWLRQDO-RXUQDO2I
(DWLQJ'LVRUGHUVGRL;$,'
($7!&22
'DYLV10D\3UHGLFWRUVRIELQJHHDWLQJ7KHUROHVRIDWWDFKPHQWDQGGLVVRFLDWLRQ
'LVVHUWDWLRQ$EVWUDFWV,QWHUQDWLRQDO
GH=ZDDQ06WDWXVDQGXWLOLW\RIDQHZGLDJQRVWLFFDWHJRU\%LQJHHDWLQJGLVRUGHU
(XURSHDQ(DWLQJ'LVRUGHUV5HYLHZGRL6,&,
$,'(59!&2&
GH=ZDDQ00LWFKHOO-(6HLP+&	6SHFNHU60(DWLQJUHODWHGDQG
JHQHUDOSV\FKRSDWKRORJ\LQREHVHIHPDOHVZLWKELQJHHDWLQJGLVRUGHU,QWHUQDWLRQDO
-RXUQDO2I(DWLQJ'LVRUGHUVGRL
;$,'($7!&2
'H)URQ]R53DQ]DUHOOD&	%XWOHU$&$WWDFKPHQWVXSSRUWVHHNLQJDQG
DGDSWLYHLQIHUHQWLDOIHHGEDFN,PSOLFDWLRQVIRUSV\FKRORJLFDOKHDOWK&RJQLWLYHDQG
%HKDYLRUDO3UDFWLFHGRL6
'LQJHPDQV$(%UXQD0-	YDQ)XUWK()%LQJHHDWLQJGLVRUGHU$UHYLHZ
,QWHUQDWLRQDO-RXUQDORI2EHVLW\GRLVMLMR
'RKHUW\1$	)HHQH\-$7KHFRPSRVLWLRQRIDWWDFKPHQWQHWZRUNVWKURXJKRXW
WKHDGXOW\HDUV3HUVRQDO5HODWLRQVKLSVGRLM
[
'RPLQJR$6%LQJHHDWLQJDVDPDODGDSWLYHPHWKRGRIHPRWLRQDOUHJXODWLRQDPRQJ
WKRVHZLWKLQVHFXUHDWWDFKPHQWVW\OHV'LVVHUWDWLRQ$EVWUDFWV,QWHUQDWLRQDO


(GHOVWHLQ56	*LOODWK2$YRLGLQJLQWHUIHUHQFH$GXOWDWWDFKPHQWDQGHPRWLRQDO
SURFHVVLQJELDVHV3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\%XOOHWLQ
GRL
(QGOHU16	3DUNHU-$$VVHVVPHQWRIPXOWLGLPHQVLRQDOFRSLQJ7DVN
HPRWLRQDQGDYRLGDQFHVWUDWHJLHV3V\FKRORJLFDO$VVHVVPHQW
GRL
(QJOHU3$&URZWKHU-+'DOWRQ*	6DQIWQHU-/3UHGLFWLQJHDWLQJGLVRUGHU
JURXSPHPEHUVKLS$QH[DPLQDWLRQDQGH[WHQVLRQRIWKHVRFLRFXOWXUDOPRGHO
%HKDYLRU7KHUDS\GRLMEHWK
(VSHODJH'/4XLWWQHU$/6KHUPDQ5	7KRPSVRQ5$VVHVVPHQWRI
SUREOHPDWLFVLWXDWLRQVDQGFRSLQJVWUDWHJLHVLQZRPHQZLWKHDWLQJGLVRUGHUV,QLWLDO
YDOLGDWLRQRIDVLWXDWLRQVSHFLILFSUREOHPLQYHQWRU\-RXUQDO2I3V\FKRSDWKRORJ\
$QG%HKDYLRUDO$VVHVVPHQWGRL$
(YDQV//	:HUWKHLP(+,QWLPDF\SDWWHUQVDQGUHODWLRQVKLSVDWLVIDFWLRQRI
ZRPHQZLWKHDWLQJSUREOHPVDQGWKHPHGLDWLQJHIIHFWVRIGHSUHVVLRQWUDLWDQ[LHW\
DQGVRFLDODQ[LHW\-RXUQDO2I3V\FKRVRPDWLF5HVHDUFK
GRL6
)DLUEXUQ&*2YHUFRPLQJELQJHHDWLQJ1HZ<RUN7KH*XLOIRUG3UHVV
)DLUEXUQ&*	%HJOLQ6-$VVHVVPHQWRIHDWLQJGLVRUGHUV,QWHUYLHZRUVHOI
UHSRUWTXHVWLRQQDLUH",QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
)DLUEXUQ&*	%RKQ.(DWLQJGLVRUGHU126('126$QH[DPSOHRIWKH
WURXEOHVRPH³QRWRWKHUZLVHVSHFLILHG´126FDWHJRU\LQ'60,9%HKDYLRXU
5HVHDUFKDQG7KHUDS\GRLMEUDW
)DLUEXUQ&*	&RRSHU=7KHHDWLQJGLVRUGHUH[DPLQDWLRQWKHGLWLRQ,Q&*
)DLUEXUQ	*7:LOVRQ(GV%LQJHHDWLQJ1DWXUHDVVHVVPHQWDQGWUHDWPHQW
SS1HZ<RUN7KH*XLOIRUG3UHVV
)DLUEXUQ&*'ROO+$:HOFK6/+D\3-'DYLHV%$	2
&RQQRU0(
5LVNIDFWRUVIRUELQJHHDWLQJGLVRUGHU$FRPPXQLW\EDVHGFDVHFRQWURO
VWXG\$UFKLYHVRI*HQHUDO3V\FKLDWU\GRLDUFKSV\F
)DLUEXUQ&*6WLFH(&RRSHU='ROO+$1RUPDQ3$	2
&RQQRU0(
8QGHUVWDQGLQJSHUVLVWHQFHLQEXOLPLDQHUYRVD$\HDUQDWXUDOLVWLFVWXG\-RXUQDO


2I&RQVXOWLQJDQG&OLQLFDO3V\FKRORJ\GRL
;
)DLUEXUQ&*	:LOVRQ*7%LQJHHDWLQJ1DWXUHDVVHVVPHQWDQGWUHDWPHQW
1HZ<RUN7KH*XLOIRUG3UHVV
)HHQH\-3HWHUVRQ&	1ROOHU3(TXLW\DQGPDULWDOVDWLVIDFWLRQRYHUWKHIDPLO\
OLIHF\FOH3HUVRQDO5HODWLRQVKLSVGRLM
WE[
)HUJXVRQ%%XOLPLDDQGELQJHHDWLQJGLVRUGHUDQGWKHLUUHODWLRQVKLSWRIDPLO\
FKDUDFWHULVWLFVDWWDFKPHQWGHSUHVVLRQDQGVHOIHVWHHP'LVVHUWDWLRQ$EVWUDFWV
,QWHUQDWLRQDO
)LQNHOVWHLQ($7URJGRQ-*&RKHQ-:	'LHW]:$QQXDOPHGLFDOVSHQGLQJ
DWWULEXWDEOHWRREHVLW\3D\HUDQGVHUYLFHVSHFLILFHVWLPDWHV+HDOWK$IIDLUV
UHWULHYHG0D\IURP
KWWSFRQWHQWKHDOWKDIIDLUVRUJFRQWHQWZDEVWUDFW
)LW]JLEERQ0/6iQFKH]-RKQVHQ/3	0DUWLQRYLFK=$WHVWRIWKHFRQWLQXLW\
SHUVSHFWLYHDFURVVEXOLPLFDQGELQJHHDWLQJSDWKRORJ\,QWHUQDWLRQDO-RXUQDORI
(DWLQJ'LVRUGHUVGRLHDW
)RONPDQ6	/D]DUXV566WUHVVDSSUDLVDODQGFRSLQJ1HZ<RUN6SULQJHU
3XEOLVKLQJ&RPSDQ\
)RONPDQ6	/D]DUXV56,ILWFKDQJHVLWPXVWEHDSURFHVV6WXG\RIHPRWLRQ
DQGFRSLQJGXULQJWKUHHVWDJHVRIDFROOHJHH[DPLQDWLRQ-RXUQDORI3HUVRQDOLW\DQG
6RFLDO3V\FKRORJ\GRL
)RONPDQ6	/D]DUXV56&RSLQJDVDPHGLDWRURIHPRWLRQ-RXUQDORI
3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\GRL
)RONPDQ6/D]DUXV56*UXHQ5-	'H/RQJLV$$SSUDLVDOFRSLQJKHDOWK
VWDWXVDQGSV\FKRORJLFDOV\PSWRPV-RXUQDORI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\
GRL
)RONPDQ6/D]DUXV56'XQNHO6FKHWWHU&'H/RQJLV$	*UXHQ5-
'\QDPLFVRIDVWUHVVIXOHQFRXQWHU&RJQLWLYHDSSUDLVDOFRSLQJDQGHQFRXQWHU
RXWFRPHV-RXUQDORI3HUVRQDOLW\$QG6RFLDO3V\FKRORJ\
GRL


)UDOH\5	'DYLV.($WWDFKPHQWIRUPDWLRQDQGWUDQVIHULQ\RXQJDGXOWV
FORVH
IULHQGVKLSVDQGURPDQWLFUHODWLRQVKLSV3HUVRQDO5HODWLRQVKLSV
GRLMWE[
)UDOH\5	6KDYHU35$GXOWDWWDFKPHQWDQGWKHVXSSUHVVLRQRIXQZDQWHG
WKRXJKWV-RXUQDORI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\
GRL
)UDOH\5	6KDYHU35$GXOWURPDQWLFDWWDFKPHQW7KHRUHWLFDOGHYHORSPHQWV
HPHUJLQJFRQWURYHUVLHVDQGXQDQVZHUHGTXHVWLRQV5HYLHZRI*HQHUDO3V\FKRORJ\
GRL
)UDOH\5	:DOOHU1*$GXOWDWWDFKPHQWSDWWHUQV$WHVWRIWKHW\SRORJLFDO
PRGHO,Q-$6LPSVRQ:5KROHV-$6LPSVRQ:5KROHV(GV$WWDFKPHQW
WKHRU\DQGFORVHUHODWLRQVKLSVSS1HZ<RUN*XLOIRUG3UHVV)UHHPDQ
/	*LO.0'DLO\VWUHVVFRSLQJDQGGLHWDU\UHVWUDLQWLQELQJHHDWLQJ
,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUVGRLHDW
)ULHGEHUJ1/	/\GGRQ:-6HOIRWKHUZRUNLQJPRGHOVDQGHDWLQJGLVRUGHUV
-RXUQDORI&RJQLWLYH3V\FKRWKHUDS\
*LEVRQ(/(PRWLRQDOLQIOXHQFHVRQIRRGFKRLFH6HQVRU\SK\VLRORJLFDODQG
SV\FKRORJLFDOSDWKZD\V3K\VLRORJLFDO%HKDYLRXU
GRLMSK\VEHK
*LOEHUW0/,QVHFXUHDWWDFKPHQWQHJDWLYHDIIHFWLYLW\DOH[LWK\PLDOHYHORI
HPRWLRQDODZDUHQHVVDQGERG\LPDJHGLVWXUEDQFHDVSUHGLFWRUVRIELQJHHDWLQJ
VHYHULW\LQZRPHQZKRELQJH'LVVHUWDWLRQ$EVWUDFWV,QWHUQDWLRQDO
*RUPDOO\-%ODFN6'DVWRQ6	5DUGLQ'7KHDVVHVVPHQWRIELQJHHDWLQJ
VHYHULW\DPRQJREHVHSHUVRQV$GGLFWLYH%HKDYLRUVGRL

*UDW]./	5RHPHU/
0XOWLGLPHQVLRQDODVVHVVPHQWRIHPRWLRQUHJXODWLRQDQG
G\VUHJXODWLRQ'HYHORSPHQWIDFWRUVWUXFWXUHDQGLQLWLDOYDOLGDWLRQRIWKHGLIILFXOWLHV
LQHPRWLRQUHJXODWLRQVFDOH-RXUQDORI3V\FKRSDWKRORJ\DQG%HKDYLRUDO
$VVHVVPHQWGRLV
*UHHQZRRG'	3LHWURPRQDFR37KHLQWHUSOD\DPRQJDWWDFKPHQWRULHQWDWLRQ
LGHDOL]HGPHGLDLPDJHVRIZRPHQDQGERG\GLVVDWLVIDFWLRQ$VRFLDOSV\FKRORJLFDO
DQDO\VLV,Q/-6KUXP(G7KH3V\FKRORJ\RI(QWHUWDLQPHQW0HGLD%OXUULQJWKH


/LQHVEHWZHHQ(QWHUWDLQPHQWDQG3HUVXDVLRQSS+RERNHQ3V\FKRORJ\
3UHVV
*ULOR&00DVKHE50:LOVRQ**XHRUJXLHYD5	:KLWH0$
&RJQLWLYH±EHKDYLRUDOWKHUDS\EHKDYLRUDOZHLJKWORVVDQGVHTXHQWLDOWUHDWPHQWIRU
REHVHSDWLHQWVZLWKELQJHHDWLQJGLVRUGHU$UDQGRPL]HGFRQWUROOHGWULDO-RXUQDORI
&RQVXOWLQJDQG&OLQLFDO3V\FKRORJ\GRLD
*ULOR&0	6KLIIPDQ6/RQJLWXGLQDOLQYHVWLJDWLRQRIWKHDEVWLQHQFHYLRODWLRQ
HIIHFWLQELQJHHDWHUV-RXUQDORI&RQVXOWLQJDQG&OLQLFDO3V\FKRORJ\
GRL;
*ULOR&06KLIIPDQ6	&DUWHU&DPSEHOO-7%LQJHHDWLQJDQWHFHGHQWVLQ
QRUPDOZHLJKWQRQSXUJLQJIHPDOHV,VWKHUHFRQVLVWHQF\",QWHUQDWLRQDO-RXUQDORI
(DWLQJ'LVRUGHUVGRL;$,'
($7!&2'
*ULIILQ':	%DUWKRORPHZ.0RGHOVRIWKHVHOIDQGRWKHU)XQGDPHQWDO
GLPHQVLRQVXQGHUO\LQJPHDVXUHVRIDGXOWDWWDFKPHQW-RXUQDORI3HUVRQDOLW\DQG
6RFLDO3V\FKRORJ\GRL
*URVV--+DQGERRNRI(PRWLRQ5HJXODWLRQ1HZ<RUN*XLOIRUG3UHVV
*XW]ZLOOHU-2OLYHU-0	.DW]%0(DWLQJG\VIXQFWLRQVLQFROOHJHZRPHQ
7KHUROHVRIGHSUHVVLRQDQGDWWDFKPHQWWRIDWKHUV-RXUQDORI$PHULFDQ&ROOHJH
+HDOWKGRL
+DLU-)-U$QGHUVRQ5(7DWKDP5/	%ODFN:&0XOWLYDULDWHGDWD
DQDO\VLVWKHG8SSHU6DGGOH5LYHU1-3UHQWLFH+DOO
+DQ6(PRWLRQUHJXODWLRQFRSLQJDQGDWWDFKPHQWLQELQJHLQJEHKDYLRUV
'LVVHUWDWLRQ$EVWUDFWV,QWHUQDWLRQDO6HFWLRQ$
+DZNLQV5&	&OHPHQW3)'HYHORSPHQWDQGFRQVWUXFWYDOLGDWLRQRIDVHOI
UHSRUWPHDVXUHRIELQJHHDWLQJWHQGHQFLHV$GGLFWLYH%HKDYLRUV
GRL
+D\37KHHSLGHPLRORJ\RIHDWLQJGLVRUGHUEHKDYLRUV$Q$XVWUDOLDQFRPPXQLW\
EDVHGVXUYH\,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRL6,&,;$,'($7!&2)


+D\30RQG-%XWWQHU3	'DUE\$(DWLQJGLVRUGHUEHKDYLRUVDUHLQFUHDVLQJ
)LQGLQJVIURPWZRVHTXHQWLDOFRPPXQLW\VXUYH\VLQ6RXWK$XVWUDOLD3XEOLF/LEUDU\
RI6FLHQFHRQH3/26RQHGRLMRXUQDOSRQH
+D]DQ&	=HLIPDQ'6H[DQGWKHSV\FKRORJLFDOWHWKHU,Q.%DUWKRORPHZ	'
3HUOPDQ(GV$GYDQFHVLQ3HUVRQDO5HODWLRQVKLSV9RO$WWDFKPHQW3URFHVVHVLQ
$GXOWKRRGSS/RQGRQ-HVVLFD.LQJVOH\
+D]DQ&	=HLIPDQ'3DLUERQGVDVDWWDFKPHQWV(YDOXDWLQJWKHHYLGHQFH,Q-
&DVVLG\356KDYHU-&DVVLG\356KDYHU(GV+DQGERRNRIDWWDFKPHQW
7KHRU\UHVHDUFKDQGFOLQLFDODSSOLFDWLRQVSS1HZ<RUN*XLOIRUG
3UHVV
+HDWKHUWRQ7)	%DXPHLVWHU5)%LQJHHDWLQJDVHVFDSHIURPVHOIDZDUHQHVV
3V\FKRORJLFDO%XOOHWLQGRL
+HUPDQ&	0DFN'5HVWUDLQHGDQGXQUHVWUDLQHGHDWLQJ-RXUQDORI3HUVRQDOLW\
GRLMWE[
+HU]RJ'%+RSNLQV-'	%XUQV&'$IROORZXSVWXG\RIVXEGLDJQRVWLF
HDWLQJGLVRUGHUHGZRPHQ,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRL;$,'($7!&21
+RFKGRUI=/DW]HU<&DQHWWL/	%DFKDU($WWDFKPHQWVW\OHVDQGDWWUDFWLRQWR
GHDWK'LYHUVLWLHVDPRQJHDWLQJGLVRUGHUSDWLHQWV$PHULFDQ-RXUQDORI)DPLO\
7KHUDS\GRL
+VX/*(DWLQJ'LVRUGHUV1HZ<RUN7KH*XLOIRUG3UHVV
+VX	6RENLHZLF]7$%RG\LPDJHGLVWXUEDQFH7LPHWRDEDQGRQWKHFRQFHSWIRU
HDWLQJGLVRUGHUV",QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRL;$,'($7!&2,
+X.	%HQWOHU30&XWRIIFULWHULDIRUILWLQGH[HVLQFRYDULDQFHVWUXFWXUH
DQDO\VLV&RQYHQWLRQDOFULWHULDYHUVXVQHZDOWHUQDWLYHV6WUXFWXUDO(TXDWLRQ
0RGHOLQJGRL
,OOLQJ97DVFD*$%DOIRXU/	%LVVDGD+$WWDFKPHQWGLPHQVLRQVDQGJURXS
FOLPDWHJURZWKLQDVDPSOHRIZRPHQVHHNLQJWUHDWPHQWIRUHDWLQJGLVRUGHUV
3V\FKLDWU\,QWHUSHUVRQDO$QG%LRORJLFDO3URFHVVHV
GRLSV\F


-DPHV:3V\FKRORJ\7KHEULHIHUFRXUVH0LQHROD1<'RYHU3XEOLFDWLRQV
2ULJLQDOZRUNSXEOLVKHG
.DUDQW]DV*$QH[DPLQDWLRQRIFRSLQJIURPDQDWWDFKPHQWWKHRU\SHUVSHFWLYH
8QSXEOLVKHGPDQXVFULSW
.DUDQW]DV.0$QLQYHVWLJDWLRQRIREHVLW\DQGELQJHHDWLQJEHKDYLRXULQ
SUHDGROHVFHQW$XVWUDOLDQVFKRROFKLOGUHQ8QSXEOLVKHGGRFWRUDOGLVVHUWDWLRQ
$XVWUDOLDQ'LJLWDO7KHVLV3URJUDP

+R\OH/	.DUDQW]DV*&&RQYHUJHQFHRQFRSLQJ$QDWWDFKPHQWSHUVSHFWLYH
8QSXEOLVKHGPDQXVFULSW

+R\OH/	.DUDQW]DV*&7KHUROHRIDWWDFKPHQWLQWKHVLWXDWLRQDOGHWHUPLQDQWV
RIFRSLQJWK$XVWUDOLDQ3V\FKRORJLFDO6RFLHW\3V\FKRORJ\RI5HODWLRQVKLSV
,QWHUHVW*URXS&RQIHUHQFH$GHODLGH$XVWUDOLD

.DUDQW]DV*&$UHH[DPLQDWLRQRIFRSLQJIURPDQDWWDFKPHQWSHUVSHFWLYH6RFLHW\
RI$XVWUDODVLDQ6RFLDO3V\FKRORJLVWV&RQIHUHQFH%ULVEDQH$XVWUDOLD
.DUDQW]DV*&	&ROH6)$UWKULWLVDQGVXSSRUWVHHNLQJWHQGHQFLHV7KHUROHRI
DWWDFKPHQW-RXUQDORI6RFLDODQG&OLQLFDO3V\FKRORJ\
GRLMVFS
.DUDQW]DV*&(YDQV/	)RGG\07KHUROHRIDWWDFKPHQWLQFXUUHQWDQGIXWXUH
SDUHQWFDUHJLYLQJ7KH-RXUQDOVRI*HURQWRORJ\6HULHV%3V\FKRORJLFDO6FLHQFHV
DQG6RFLDO6FLHQFHV%GRLJHURQEJET
.DUDQW]DV*&)HHQH\-$	:LONLQVRQ5,VOHVVPRUH"&RQILUPDWRU\IDFWRU
DQDO\VLVRIWKH$WWDFKPHQW6W\OH4XHVWLRQQDLUHV-RXUQDORI6RFLDODQG3HUVRQDO
5HODWLRQVKLSVGRL
.D\H:+*ZLUWVPDQ+(*HRUJH'7	:HLVV655HODWLRQVKLSRIPRRG
DOWHUDWLRQVWRELQJHLQJEHKDYLRXULQEXOLPLD%ULWLVK-RXUQDORI3V\FKLDWU\
GRLEMS
.HHO3.0LWFKHOO-('DYLV7/	&URZ6-5HODWLRQVKLSEHWZHHQ
GHSUHVVLRQDQGERG\GLVVDWLVIDFWLRQLQZRPHQGLDJQRVHGZLWKEXOLPLDQHUYRVD
,QWHUQDWLRQDO-RXUQDO2I(DWLQJ'LVRUGHUVGRLHDW


.HQQ\0	+DUW.5HODWLRQVKLSVEHWZHHQSDUHQWDODWWDFKPHQWDQGHDWLQJ
GLVRUGHUVLQDQLQSDWLHQWDQGDFROOHJHVDPSOH-RXUQDORI&RXQVHOLQJ3V\FKRORJ\
±GRL
.OHLQ07KHRULJLQVRIWUDQVIHUHQFH7KH,QWHUQDWLRQDO-RXUQDORI3V\FKRDQDO\VLV

.OLQH5%3ULQFLSOHVDQGSUDFWLFHRIVWUXFWXUDOHTXDWLRQPRGHOLQJQGHG1HZ
<RUN*XLOIRUG3UHVV
.REDN5'HILQLQJDQGPHDVXULQJRIDWWDFKPHQWERQGV&RPPHQWRQ.XUGHN
-RXUQDORI)DPLO\3V\FKRORJ\GRLD
.RII(	6DQJDQL0(IIHFWVRIFRSLQJVW\OHDQGQHJDWLYHERG\LPDJHRQHDWLQJ
GLVWXUEDQFH,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRL6,&,;$,'($7!&2
.XUGHN/$3HWGRJVDVDWWDFKPHQWILJXUHV-RXUQDORI6RFLDODQG3HUVRQDO
5HODWLRQVKLSVGRL
.XUGHN/$3HWGRJVDVDWWDFKPHQWILJXUHVIRUDGXOWRZQHUV-RXUQDORI)DPLO\
3V\FKRORJ\GRLD
/DW]HU<+RFKGRUI=%DFKDU(	&DQHWWL/$WWDFKPHQWVW\OHDQGIDPLO\
IXQFWLRQLQJDVGLVFULPLQDWLQJIDFWRUVLQHDWLQJGLVRUGHUV&RQWHPSRUDU\)DPLO\
7KHUDS\$Q,QWHUQDWLRQDO-RXUQDOGRL$
/DYHQGHU-0'H<RXQJ.3	$QGHUVRQ'$(DWLQJ'LVRUGHU([DPLQDWLRQ
4XHVWLRQQDLUH('(41RUPVIRUXQGHUJUDGXDWHPHQ(DWLQJ%HKDYLRUV
GRLMHDWEHK
/HH-0*UHHQLQJ/	6WRSSHOEHLQ/7KHPRGHUDWLQJHIIHFWRIDYRLGDQWFRSLQJ
RQUHVWUDLQHGHDWHUV
ULVNIRUGLVLQKLELWHGHDWLQJ,PSOLFDWLRQVIRUGLHWDU\UHODSVH
SUHYHQWLRQ%HKDYLRXU5HVHDUFKDQG7KHUDS\
GRLMEUDW
/LJKWVH\25	6ZHHQH\-0HDQLQJLQOLIHHPRWLRQRULHQWHGFRSLQJJHQHUDOL]HG
VHOIHIILFDF\DQGIDPLO\FRKHVLRQDVSUHGLFWRUVRIIDPLO\VDWLVIDFWLRQDPRQJ
PRWKHUVRIFKLOGUHQZLWKGLVDELOLWLHV7KH)DPLO\-RXUQDO
GRL


/LQJVZLOHU90&URZWKHU-+	6WHSKHQV03(PRWLRQDO5HDFWLYLW\DQG
HDWLQJLQELQJHHDWLQJDQGREHVLW\-RXUQDORI%HKDYLRUDO0HGLFLQH
GRL%)
/RSH])*	%UHQQDQ.$'\QDPLFSURFHVVHVXQGHUO\LQJDGXOWDWWDFKPHQW
RUJDQL]DWLRQ7RZDUGDQDWWDFKPHQWWKHRUHWLFDOSHUVSHFWLYHRQWKHKHDOWK\DQG
HIIHFWLYHVHOI-RXUQDORI&RXQVHOLQJ3V\FKRORJ\GRL

/XVVLHU<6DERXULQ6	7XUJHRQ&&RSLQJVWUDWHJLHVDVPRGHUDWRUVRIWKH
UHODWLRQVKLSEHWZHHQDWWDFKPHQWDQGPDULWDODGMXVWPHQW-RXUQDORI6RFLDODQG
3HUVRQDO5HODWLRQVKLSVGRL
0DFKW0+RZHPRWLRQVDIIHFWHDWLQJ$ILYHZD\PRGHO$SSHWLWH
GRLMDSSHW
0DLQ0	:HVWRQ'57KHTXDOLW\RIWKHWRGGOHU
VUHODWLRQVKLSWRPRWKHUDQGWR
IDWKHU5HODWHGWRFRQIOLFWEHKDYLRUDQGWKHUHDGLQHVVWRHVWDEOLVKQHZUHODWLRQVKLSV
&KLOG'HYHORSPHQWGRL
0DOOLQFNURGW%0F&UHDU\%$	5REHUWVRQ$.&RRFFXUUHQFHRIHDWLQJ
GLVRUGHUVDQGLQFHVW7KHUROHRIDWWDFKPHQWIDPLO\HQYLURQPHQWDQGVRFLDO
FRPSHWHQFLHV-RXUQDORI&RXQVHOLQJ3V\FKRORJ\GRL

0DVKHE50	*ULOR&0(PRWLRQDORYHUHDWLQJDQGLWVDVVRFLDWLRQVZLWKHDWLQJ
GLVRUGHUSV\FKRSDWKRORJ\DPRQJRYHUZHLJKWSDWLHQWVZLWK%LQJH(DWLQJ'LVRUGHU
,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUVGRLHDW
0D\KHZ5	(GHOPDQ5-6HOIHVWHHPLUUDWLRQDOEHOLHIVDQGFRSLQJVWUDWHJLHVLQ
UHODWLRQWRHDWLQJSUREOHPVLQDQRQFOLQLFDOSRSXODWLRQ3HUVRQDOLW\DQG,QGLYLGXDO
'LIIHUHQFHVGRL
0F&DEH03	5LFFLDUGHOOL/$:HLJKWDQGVKDSHFRQFHUQVRIER\VDQGPHQ,Q
-.7KRPSVRQ(G+DQGERRNRI(DWLQJ'LVRUGHUVDQG2EHVLW\SS
1HZ-HUVH\-RKQ:LOH\	6RQV
0F&DUWK\$02FWREHU3DWHUQDOFKDUDFWHULVWLFVDVVRFLDWHGZLWKGLVWXUEHGIDWKHU
GDXJKWHUDWWDFKPHQWDQGVHSDUDWLRQDPRQJZRPHQZLWKHDWLQJGLVRUGHUV\PSWRPV
'LVVHUWDWLRQ$EVWUDFWV,QWHUQDWLRQDO


0LNXOLQFHU0$GXOWDWWDFKPHQWVW\OHDQGDIIHFWUHJXODWLRQ6WUDWHJLFYDULDWLRQVLQ
VHOIDSSUDLVDOV-RXUQDORI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\
GRL
0LNXOLQFHU0'ROHY7	6KDYHU35$WWDFKPHQW5HODWHG6WUDWHJLHV'XULQJ
7KRXJKW6XSSUHVVLRQ,URQLF5HERXQGVDQG9XOQHUDEOH6HOI5HSUHVHQWDWLRQV
-RXUQDORI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\GRL

0LNXOLQFHU0	)ORULDQ9$WWDFKPHQWVW\OHDQGDIIHFWUHJXODWLRQ,PSOLFDWLRQV
IRUFRSLQJZLWKVWUHVVDQGPHQWDOKHDOWK,Q*-2)OHWFKHU	06&ODUN(GV
%ODFNZHOO+DQGERRNRI6RFLDO3V\FKRORJ\,QWHUSHUVRQDO3URFHVVHVSS
8.%ODFNZHOO3XEOLVKLQJ
0LNXOLQFHU0)ORULDQ9	:HOOHU$$WWDFKPHQWVW\OHVFRSLQJVWUDWHJLHVDQG
SRVWWUDXPDWLFSV\FKRORJLFDOGLVWUHVV7KHLPSDFWRIWKH*XOI:DULQ,VUDHO-RXUQDO
RI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\GRL

0LNXOLQFHU0	2UEDFK,$WWDFKPHQWVW\OHVDQGUHSUHVVLYHGHIHQVLYHQHVV7KH
DFFHVVLELOLW\DQGDUFKLWHFWXUHRIDIIHFWLYHPHPRULHV-RXUQDORI3HUVRQDOLW\DQG
6RFLDO3V\FKRORJ\
0LNXOLQFHU02UEDFK,	,DYQLHOL'$GXOWDWWDFKPHQWVW\OHDQGDIIHFW
UHJXODWLRQ6WUDWHJLFYDULDWLRQVLQVXEMHFWLYHVHOI±RWKHUVLPLODULW\-RXUQDORI
3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\GRL
0LNXOLQFHU0	6KDYHU3$WWDFKPHQWLQDGXOWKRRG6WUXFWXUHG\QDPLFVDQG
FKDQJH1HZ<RUN*XLOIRUG3UHVV
0LNXOLQFHU06KDYHU35	3HUHJ'$WWDFKPHQWWKHRU\DQGDIIHFWUHJXODWLRQ
7KHG\QDPLFVGHYHORSPHQWDQGFRJQLWLYHFRQVHTXHQFHVRIDWWDFKPHQWUHODWHG
VWUDWHJLHV0RWLYDWLRQDQG(PRWLRQGRL$
0LNXOLQFHU0	6KHIIL($GXOWDWWDFKPHQWVW\OHDQGFRJQLWLYHUHDFWLRQVWR
SRVLWLYHDIIHFW$WHVWRIPHQWDOFDWHJRUL]DWLRQDQGFUHDWLYHSUREOHPVROYLQJ
0RWLYDWLRQDQG(PRWLRQGRL$
0LWFKHOO-($JUDV6	:RQGHUOLFK67UHDWPHQWRI%XOLPLD1HUYRVD:KHUH
$UH:HDQG:KHUH$UH:H*RLQJ",QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRLHDW


0LWFKHOO-(3\OH5/(FNHUW('+DWVXNDPL'	6ROOH(%XOLPLDQHUYRVD
LQRYHUZHLJKWLQGLYLGXDOV-RXUQDORI1HUYRXVDQG0HQWDO'LVHDVH
GRL;-
0ROOHU13)RXODGL570F&DUWK\&-	+DWFK.'5HODWLRQVKLSRI
DWWDFKPHQWDQGVRFLDOVXSSRUWWRFROOHJHVWXGHQWV
DGMXVWPHQWIROORZLQJD
UHODWLRQVKLSEUHDNXS-RXUQDORI&RXQVHOLQJ	'HYHORSPHQW
GRLMWE[
0XUSK\56WUDHEOHU6%DVGHQ6&RRSHU=	)DLUEXUQ&*,QWHUSHUVRQDO
SV\FKRWKHUDS\IRUHDWLQJGLVRUGHUV&OLQLFDO3V\FKRORJ\	3V\FKRWKHUDS\
GRLFSS
1HFNRZWL]3	0RUULVRQ7/,QWHUDFWLRQDOFRSLQJVWUDWHJLHVRIQRUPDOZHLJKW
EXOLPLFZRPHQLQLQWLPDWHDQGQRQLQWLPDWHVWUHVVIXOVLWXDWLRQV3V\FKRORJLFDO
5HSRUWV
1ROOHU3)HHQH\-$	3HWHUVRQ&3HUVRQDOUHODWLRQVKLSVDFURVVWKHOLIHVSDQ
1HZ<RUN3V\FKRORJ\3UHVV
2EHJL-+	%HUDQW($WWDFKPHQWWKHRU\DQGUHVHDUFKLQFOLQLFDOZRUNZLWK
DGXOWV1HZ<RUN*XLOIRUG3UHVV
2¶.HDUQH\5$WWDFKPHQWGLVUXSWLRQLQDQRUH[LDQHUYRVDDQGEXOLPLDQHUYRVD$
UHYLHZRIWKHRU\DQGHPSLULFDOUHVHDUFK,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
±GRL6,&,;$,'
($7!&2-
2U]ROHN.URQQHU&7KHHIIHFWRIDWWDFKPHQWWKHRU\LQWKHGHYHORSPHQWRIHDWLQJ
GLVRUGHUV&DQV\PSWRPVEHSUR[LPLW\VHHNLQJ"&KLOG	$GROHVFHQW6RFLDO:RUN
-RXUQDO
2YHUWRQ$6HOZD\66WURQJPDQ.	+RXVWRQ0(DWLQJ'LVRUGHUV7KH
5HJXODWLRQRI3RVLWLYHDVZHOODV1HJDWLYH(PRWLRQ([SHULHQFH-RXUQDORI&OLQLFDO
3V\FKRORJ\LQ0HGLFDO6HWWLQJVGRLV
3DFH8&DFLRSSR0	6FKLPPHQWL$7KHPRGHUDWLQJUROHRIIDWKHU¶VFDUHRQ
WKHRQVHWRIELQJHHDWLQJV\PSWRPVDPRQJIHPDOHODWHDGROHVFHQWVZLWKLQVHFXUH
DWWDFKPHQW&KLOG3V\FKLDWU\DQG+XPDQ'HYHORSPHQW
GRLV


3DWWRQ*&-RKQVRQ6DELQH(:RRG.	0DQQ$+$EQRUPDOHDWLQJ
DWWLWXGHVLQ/RQGRQVFKRROJLUOV$SURVSHFWLYHHSLGHPLRORJLFDOVWXG\2XWFRPHDW
WZHOYHPRQWKIROORZXS3V\FKRORJLFDO0HGLFLQH
GRL6
3D[WRQ6-	'LJJHQV-$YRLGDQFHFRSLQJELQJHHDWLQJDQGGHSUHVVLRQ$QG
H[DPLQDWLRQRIWKHHVFDSHWKHRU\RIELQJHHDWLQJ,QWHUQDWLRQDO-RXUQDORI(DWLQJ
'LVRUGHUVGRL6,&,;$,'
($7!&2-
3HWHUVRQ&%	0LWFKHOO-(6HOIUHSRUWPHDVXUHV,Q-(0LWFKHOO	&%
3HWHUVRQ(GV$VVHVVPHQWRIHDWLQJGLVRUGHUVSS1HZ<RUN*XLOIRUG
3XEOLFDWLRQV
3LNH.0	5RGLQ-0RWKHUVGDXJKWHUVDQGGLVRUGHUHGHDWLQJ-RXUQDORI
$EQRUPDO3V\FKRORJ\GRL;
3ROLY\-	+HUPDQ&'LVWUHVVDQGHDWLQJ:K\GRGLHWHUVRYHUHDW",QWHUQDWLRQDO
-RXUQDORI(DWLQJ'LVRUGHUVGRL6,&,
;$,'($7!&25
3ROLY\-	+HUPDQ&3&DXVHVRIHDWLQJGLVRUGHUV$QQXDO5HYLHZRI
3V\FKRORJ\GRLDQQXUHYSV\FK
3ROLY\-+HUPDQ&3	0F)DUODQH7(IIHFWVRIDQ[LHW\RQHDWLQJ'RHV
SDODWDELOLW\PRGHUDWHGLVWUHVVLQGXFHGRYHUHDWLQJLQGLHWHUV"-RXUQDORI$EQRUPDO
3V\FKRORJ\GRL;
5LFFD9&DVWHOOLQL*/R6DXUR&5DYDOGL&/DSL)0DQQXFFL(	)DUDYHOOL&
&RUUHODWLRQVEHWZHHQELQJHHDWLQJDQGHPRWLRQDOHDWLQJLQDVDPSOHRI
RYHUZHLJKWVXEMHFWV$SSHWLWHGRLMDSSHW
5LFFLDUGHOOL/$	0F&DEH03$ELRSV\FKRVRFLDOPRGHORIGLVRUGHUHGHDWLQJ
DQGWKHSXUVXLWRIPXVFXODULW\LQDGROHVFHQWER\V3V\FKRORJLFDO%XOOHWLQ
GRL
5LHJHU(YDQ%XUHQ'-%LVKRS07DQRIVN\.UDII0:HOFK5	:LOIOH\'(
$QHDWLQJGLVRUGHUVSHFLILFPRGHORILQWHUSHUVRQDOSV\FKRWKHUDS\,37('
&DXVDOSDWKZD\VDQGWUHDWPHQWLPSOLFDWLRQV&OLQLFDO3V\FKRORJ\5HYLHZ
GRLMFSU


5RVHQVWHLQ'6	+RURZLW]+$$GROHVFHQWDWWDFKPHQWDQGSV\FKRSDWKRORJ\
-RXUQDORI&RQVXOWLQJDQG&OLQLFDO3V\FKRORJ\GRL
;
5RWK*:KHQ)RRG,V/RYH([SORULQJWKH5HODWLRQVKLS%HWZHHQ(DWLQJDQG
,QWLPDF\&DOLIRUQLD3OXPH
5RZH$&	&DUQHOOH\.%3UHOLPLQDU\VXSSRUWIRUWKHXVHRIDKLHUDUFKLFDO
PDSSLQJWHFKQLTXHWRH[DPLQHDWWDFKPHQWQHWZRUNV3HUVRQDO5HODWLRQVKLSV
GRLM[
5XGHUPDQ$-'LHWDU\UHVWUDLQW$WKHRUHWLFDODQGHPSLULFDOUHYLHZ3V\FKRORJLFDO
%XOOHWLQGRL
5XGHUPDQ$-	&KULVWHQVHQ+5HVWUDLQWWKHRU\DQGLWVDSSOLFDELOLW\WR
RYHUZHLJKWLQGLYLGXDOV-RXUQDORI$EQRUPDO3V\FKRORJ\
GRL;
6DOLJPDQ&-DQXDU\$GXOWDWWDFKPHQWGLVVRFLDWLRQDQGELQJHHDWLQJ$WHVWRID
FDXVDOPRGHO'LVVHUWDWLRQ$EVWUDFWV,QWHUQDWLRQDO
6DO]PDQ-3$PELYDOHQWDWWDFKPHQWLQIHPDOHDGROHVFHQWV$VVRFLDWLRQZLWK
DIIHFWLYHLQVWDELOLW\DQGHDWLQJGLVRUGHUV,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRL6,&,;$,'
($7!&2-
6HDUOH&	0HDUD10$IIHFWLYHGLPHQVLRQVRIDWWDFKPHQWVW\OHV([SORULQJVHOI
UHSRUWHGDWWDFKPHQWVW\OHJHQGHUDQGHPRWLRQDOH[SHULHQFHDPRQJFROOHJH
VWXGHQWV-RXUQDORI&RXQVHOLQJ3V\FKRORJ\GRL

6KDUSH70.LOOHQ-'%U\VRQ606KLVVODN&0(VWHV/6*UD\1&UDJR0	
7D\ORU&%$WWDFKPHQWVW\OHDQGZHLJKWFRQFHUQVLQSUHDGROHVFHQWDQG
DGROHVFHQWJLUOV,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRL6,&,;$,'($7!&2
6KDWIRUG/$	(YDQV'5%XOLPLDDVDPDQLIHVWDWLRQRIWKHVWUHVVSURFHVV$
/,65(/FDXVDOPRGHOOLQJDQDO\VLV,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRL;$,'
($7!&2'


6KDYHU356FKDFKQHU'$	0LNXOLQFHU0$WWDFKPHQWVW\OHH[FHVVLYH
UHDVVXUDQFHVHHNLQJUHODWLRQVKLSSURFHVVHVDQGGHSUHVVLRQ3HUVRQDOLW\DQG6RFLDO
3V\FKRORJ\%XOOHWLQGRL
6LPSVRQ-$,QIOXHQFHRIDWWDFKPHQWVW\OHVRQURPDQWLFUHODWLRQVKLSV-RXUQDORI
3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\GRL
6LPSVRQ-$	5KROHV:6$WWDFKPHQWLQDGXOWKRRG,Q-$6LPSVRQ:6
5KROHV(GV$WWDFKPHQWWKHRU\DQGFORVHUHODWLRQVKLSVSS1HZ<RUN
*XLOIRUG3UHVV
6LPSVRQ-$5KROHV:6	1HOOLJDQ-66XSSRUWVHHNLQJDQGVXSSRUWJLYLQJ
ZLWKLQFRXSOHVLQDQDQ[LHW\SURYRNLQJVLWXDWLRQ7KHUROHRIDWWDFKPHQWVW\OHV
-RXUQDORI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\GRL

6LPSVRQ-$5KROHV6:	3KLOOLSV'&RQIOLFWLQFORVHUHODWLRQVKLSV$Q
DWWDFKPHQWSHUVSHFWLYH-RXUQDORI3HUVRQDOLW\DQG6RFLDO3V\FKRORJ\
GRL
6RXNXS90%HLOHU0(	7HUUHO)6WUHVVFRSLQJVW\OHDQGSUREOHPVROYLQJ
DELOLW\DPRQJHDWLQJGLVRUGHUHGLQSDWLHQWV-RXUQDORI&OLQLFDO3V\FKRORJ\
GRL$,'-&/3!&2
<
6SLW]HU5/'HYOLQ0:DOVK%7+DVLQ':LQJ50DUFXV06WXQNDUG$
:DGGHQ7<DQRYVNL6$JUDV60LFKHOO-	1RQDV&%LQJHHDWLQJ
GLVRUGHU$PXOWLVLWHILHOGWULDORIWKHGLDJQRVWLFFULWHULD,QWHUQDWLRQDO-RXUQDORI
(DWLQJ'LVRUGHUV±GRL;
6SRRU63%HNNHU0-YDQ6WULHQ7	YDQ+HFN*/5HODWLRQVEHWZHHQ
QHJDWLYHDIIHFWFRSLQJDQGHPRWLRQDOHDWLQJ$SSHWLWH
GRLMDSSHW
6WLFH(5HYLHZRIWKHHYLGHQFHIRUDVRFLRFXOWXUDOPRGHORIEXOLPLDQHUYRVDDQGDQ
H[SORUDWLRQRIWKHPHFKDQLVPVRIDFWLRQ&OLQLFDO3V\FKRORJ\5HYLHZ
GRL
6WLFH(5LVNDQGPDLQWHQDQFHIDFWRUVIRUHDWLQJSDWKRORJ\$PHWDDQDO\WLFUHYLHZ
3V\FKRORJLFDO%XOOHWLQGRL


6WLFH(	$JUDV:63UHGLFWLQJRQVHWDQGFHVVDWLRQRIEXOLPLFEHKDYLRXUVGXULQJ
DGROHVFHQFH$ORQJLWXGLQDOJURXSLQJDQDO\VLV%HKDYLRXU7KHUDS\
GRL6
6WLFH(+D\ZDUG&&DPHURQ53.LOOHQ-	7D\ORU&%%RG\LPDJHDQG
HDWLQJGLVWXUEDQFHVSUHGLFWRQVHWRIGHSUHVVLRQDPRQJIHPDOHDGROHVFHQWV$
ORQJLWXGLQDOVWXG\-RXUQDORI$EQRUPDO3V\FKRORJ\
GRL;
6WLFH(.LOOHQ-'+D\ZDUG&	7D\ORU&%$JHRIRQVHWIRUELQJHHDWLQJ
DQGSXUJLQJGXULQJODWHDGROHVFHQFH$\HDUVXUYLYDODQDO\VLV-RXUQDORI
$EQRUPDO3V\FKRORJ\GRL;
6WLFH(1HPHURII&	6KDZ+7HVWRIWKHGXDOSDWKZD\PRGHORIEXOLPLD
QHUYRVD(YLGHQFHIRUGLHWDU\UHVWUDLQWDQGDIIHFWUHJXODWLRQPHFKDQLVPV-RXUQDORI
6RFLDODQG&OLQLFDO3V\FKRORJ\GRLMVFS
6WLFH(3UHVQHOO.	6SDQJOHU'5LVNIDFWRUVIRUELQJHHDWLQJRQVHWLQDGROHVFHQW
JLUOV$\HDUSURVSHFWLYHLQYHVWLJDWLRQ+HDOWK3V\FKRORJ\
GRL
6WLFH(6FKXSDN1HXEHUJ(6KDZ+	6WHLQ55HODWLRQRIPHGLDH[SRVXUHWR
HDWLQJGLVRUGHUV\PSWRPDWRORJ\$QH[DPLQDWLRQRIPHGLDWLQJPHFKDQLVPV
-RXUQDORI$EQRUPDO3V\FKRORJ\GRL;
6WLFH(6KDZ+	1HPHURII&'XDOPRGHORIEXOLPLDQHUYRVD/RQJLWXGLQDO
VXSSRUWIRUGLHWDU\UHVWUDLQWDQGDIIHFWUHJXODWLRQPHFKDQLVPV-RXUQDORI6RFLDODQG
&OLQLFDO3V\FKRORJ\GRLMVFS
6WRQH$$.HQQHG\0RRUH(	1HDOH-0$VVRFLDWLRQEHWZHHQGDLO\FRSLQJ
DQGHQGRIGD\PRRG+HDOWK3V\FKRORJ\GRL

6WULHJHO0RRUH5+(WLRORJ\RIELQJHHDWLQJ$GHYHORSPHQWDOSHUVSHFWLYH,Q&*
)DLUEXUQ	*7:LOVRQ(GV%LQJHHDWLQJ1DWXUHDVVHVVPHQWDQGWUHDWPHQW
SS1HZ<RUN*XLOIRUG3UHVV
6WULHJHO0RRUH5+	)UDQNR'/6KRXOGELQJHHDWLQJGLVRUGHUEHLQFOXGHGLQ
WKH'609"$FULWLFDOUHYLHZRIWKHVWDWHRIWKHHYLGHQFH$QQXDO5HYLHZR2I
&OLQLFDO3V\FKRORJ\GRLDQQXUHYFOLQSV\


6WULHJHO0RRUH5+5RVVHOOL)3HUULQ1'H%DU/:LOVRQ*0D\$	.UDHPHU
+&*HQGHUGLIIHUHQFHLQWKHSUHYDOHQFHRIHDWLQJGLVRUGHUV\PSWRPV
,QWHUQDWLRQDO-RXUQDO2I(DWLQJ'LVRUGHUV
GRLHDWYHDW
6XOGR60	6DQGEHUJ'$5HODWLRQVKLSEHWZHHQDWWDFKPHQWVW\OHVDQGHDWLQJ
GLVRUGHU6\PSWRPDWRORJ\DPRQJFROOHJHZRPHQ-RXUQDORI&ROOHJH6WXGHQW
3V\FKRWKHUDS\±GRL-YQB
7DEDFKQLFN%*	)LGHO/68VLQJPXOWLYDULDWHVWDWLVWLFVWKHG%RVWRQ
0DVV$OO\QDQG%DFRQ
7DVFD*$%DOIRXU/5LWFKLH.	%LVVDGD+7KHUHODWLRQVKLSEHWZHHQ
DWWDFKPHQWVFDOHVDQGJURXSWKHUDS\DOOLDQFHJURZWKGLIIHUVE\WUHDWPHQWW\SHIRU
ZRPHQZLWKELQJHHDWLQJGLVRUGHU*URXS'\QDPLFV7KHRU\5HVHDUFKDQG
3UDFWLFHGRL
7DVFD*$.RZDO-%DOIRXU/5LWFKLH.9LUOH\%	%LVVDGD+$Q
DWWDFKPHQWLQVHFXULW\PRGHORIQHJDWLYHDIIHFWDPRQJZRPHQVHHNLQJWUHDWPHQWIRU
DQHDWLQJGLVRUGHU(DWLQJ%HKDYLRUVGRLMHDWEHK
7DVFD * $ 5LWFKLH . 	 %DOIRXU /  ,PSOLFDWLRQV RI DWWDFKPHQW WKHRU\ DQG
UHVHDUFK IRU WKH DVVHVVPHQW DQG WUHDWPHQW RI HDWLQJ GLVRUGHUV3V\FKRWKHUDS\
GRLD
7DVFD*$6]DGNRZVNL/,OOLQJ97ULQQHHU$*UHQRQ5'HPLGHQNR1	
%LVVDGD+$GXOWDWWDFKPHQWGHSUHVVLRQDQGHDWLQJGLVRUGHUV\PSWRPV
7KHPHGLDWLQJUROHRIDIIHFWUHJXODWLRQVWUDWHJLHV3HUVRQDOLW\DQG,QGLYLGXDO
'LIIHUHQFHVGRLMSDLG
7DVFD*$7D\ORU'%LVVDGD+5LWFKLH.	%DOIRXU/$WWDFKPHQW3UHGLFWV
7UHDWPHQW&RPSOHWLRQLQDQ(DWLQJ'LVRUGHUV3DUWLDO+RVSLWDO3URJUDP$PRQJ
:RPHQ:LWK$QRUH[LD1HUYRVD-RXUQDORI3HUVRQDOLW\$VVHVVPHQW
GRLVMSDB
7HOFK&)	$JUDV:'RHPRWLRQDOVWDWHVLQIOXHQFHELQJHHDWLQJLQWKHREHVH"
,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUVGRL6,&,
;$,'($7!&2/
7KHOHQ0+0DQQ//3UXLWW-	6PLWK0%XOLPLD3UHYDOHQFHDQG
FRPSRQHQWIDFWRUVLQFROOHJHZRPHQ-RXUQDORI3V\FKRVRPDWLF5HVHDUFK±
GRL


7KRPSVRQ%7HQFRPPDQGPHQWVRIVWUXFWXUDOHTXDWLRQPRGHOLQJ,Q/*ULPP	
3<DUQHOO(GV5HDGLQJDQGXQGHUVWDQGLQJPRUHPXOWLYDULDWHVWDWLVWLFVSS
:DVKLQJWRQ'&$PHULFDQ3V\FKRORJLFDO$VVRFLDWLRQ
7ULQNH6	%DUWKRORPHZ.+LHUDUFKLHVRIDWWDFKPHQWUHODWLRQVKLSVLQ\RXQJ
DGXOWKRRG-RXUQDORI6RFLDODQG3HUVRQDO5HODWLRQVKLSV
GRL
7URLVL$0DVVDURQL3	&X]]RODUR0(DUO\VHSDUDWLRQDQ[LHW\DQGDGXOW
DWWDFKPHQWVW\OHLQZRPHQZLWKHDWLQJGLVRUGHUV%ULWLVK-RXUQDORI&OLQLFDO
3V\FKRORJ\GRL;
7URRS1$+ROEUH\$7URZOHU5	7UHDVXUH-/:D\VRIFRSLQJLQZRPHQ
ZLWKHDWLQJGLVRUGHUV-RXUQDORI1HUYRXVDQG0HQWDO'LVHDVH
GRL
7URRS1$+ROEUH\$	7UHDVXUH-/6WUHVVFRSLQJDQGFULVLVVXSSRUWLQ
HDWLQJGLVRUGHUV,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
GRL6,&,;$,'($7!&2'
7XUQHU+%U\DQW:DXJK5	3HYHOHU5$QDSSURDFKWRVXEJURXSLQJWKHHDWLQJ
GLVRUGHUSRSXODWLRQ$GGLQJDWWDFKPHQWDQGFRSLQJVW\OH(XURSHDQ(DWLQJ
'LVRUGHUV5HYLHZGRLHUYYHUY
7\OND7/	6XELFK/0([SORULQJWKHFRQVWUXFWYDOLGLW\RIWKHHDWLQJGLVRUGHU
FRQWLQXXP-RXUQDORI&RXQVHOLQJ3V\FKRORJ\GRL

7\OND7/	6XELFK/05HYLVLWLQJWKHODWHQWVWUXFWXUHRIWKHHDWLQJGLVRUGHUV
7D[RPHWULFDQDO\VHVZLWKQRQEHKDYLRUDOLQGLFDWRUV-RXUQDORI&RXQVHOLQJ
3V\FKRORJ\GRL
7XVFKHQ&DIILHU%	9|JHOH&3V\FKRORJLFDODQGSK\VLRORJLFDOUHDFWLYLW\WR
VWUHVV$QH[SHULPHQWDOVWXG\RQEXOLPLFSDWLHQWVUHVWUDLQHGHDWHUVDQGFRQWUROV
3V\FKRWKHUDS\DQG3V\FKRVRPDWLFVGRL
7\UND$5:DOGURQ,*UDEHU-$%URRNV*XQQ-3URVSHFWLYHSUHGLFWRUVRI
WKHRQVHWRIDQRUH[LFDQGEXOLPLFV\QGURPHV,QWHUQDWLRQDO-RXUQDORI(DWLQJ
'LVRUGHUV
8OOPDQ-%6WUXFWXUDOHTXDWLRQPRGHOLQJ,Q%*7DEDFKQLFN	/6)LGHOO
(GV8VLQJPXOWLYDULDWHVWDWLVWLFVWKHGSS%RVWRQ$OO\Q	%DFRQ


YDQ,M]HQGRRUQ0+	6DJL$&URVVFXOWXUDOSDWWHUQVRIDWWDFKPHQW8QLYHUVDO
DQGFRQWH[WXDOGLPHQVLRQV,Q-&DVVLG\356KDYHU-&DVVLG\356KDYHU
(GV+DQGERRNRIDWWDFKPHQW7KHRU\UHVHDUFKDQGFOLQLFDODSSOLFDWLRQVSS
1HZ<RUN*XLOIRUG3UHVV
9RJHOWDQ]+ROP1&:RPGHUOLFK6$/HZLV%$:LOVQDFN6&+DUULV75
:LOVQDFN5:	.ULVWMDQVRQ$)/RQJLWXGLQDOSUHGLFWRUVRIELQJH
HDWLQJLQWHQVHGLHWLQJDQGZHLJKWFRQFHUQVLQDQDWLRQDOVDPSOHRIZRPHQ
%HKDYLRXU7KHUDS\GRL6
:DUG$5DPVD\5	7UHDVXUH-$WWDFKPHQWUHVHDUFKLQHDWLQJGLVRUGHUV%ULWLVK
-RXUQDORI0HGLFDO3V\FKRORJ\±GRL
:DWVRQ'&ODUN/$	7HOOHJHQ$'HYHORSPHQWDQGYDOLGDWLRQRIEULHI
PHDVXUHVRISRVLWLYHDQGQHJDWLYHDIIHFW7KH3$1$6VFDOHV-RXUQDORI3HUVRQDOLW\
DQG6RFLDO3V\FKRORJ\GRL
:HJQHU.(6P\WK-0&URVE\5':LWWURFN':RQGHUOLFK6$0LWFKHOO-(
$QHYDOXDWLRQRIWKHUHODWLRQVKLSEHWZHHQPRRGDQGELQJHHDWLQJLQWKH
QDWXUDOHQYLURQPHQWXVLQJHFRORJLFDOPRPHQWDU\DVVHVVPHQW,QWHUQDWLRQDO-RXUQDO
RI(DWLQJ'LVRUGHUVGRLHDW
:HL09RJHO'/7VXP<DR.	=DNDOLN5$$GXOWDWWDFKPHQWDIIHFW
UHJXODWLRQQHJDWLYHPRRGDQGLQWHUSHUVRQDOSUREOHPV7KHPHGLDWLQJUROHVRI
HPRWLRQDOUHDFWLYLW\DQGHPRWLRQDOFXWRII-RXUQDORI&RXQVHOLQJ3V\FKRORJ\
GRL
:KLWHVLGH8&KHQ(1HLJKERUV&+XQWHU'/R7	/DULPHU0
'LIILFXOWLHVUHJXODWLQJHPRWLRQV'RELQJHHDWHUVKDYHIHZHUVWUDWHJLHVWRPRGXODWH
DQGWROHUDWHQHJDWLYHDIIHFW"(DWLQJ%HKDYLRUV
GRLMHDWEHK
:LOVRQ*	:DOVK%(DWLQJGLVRUGHUVLQWKH'60,9-RXUQDORI$EQRUPDO
3V\FKRORJ\GRL;
:ROI$0	&ROGLW]*$&XUUHQWHVWLPDWHVRIWKHHFRQRPLFFRVWRIREHVLW\LQWKH
8QLWHG6WDWHV2EHVLW\5HVHDUFK
:ROII*(&URVE\5'5REHUWV-$:LWWURFN'$'LIIHUHQFHVLQGDLO\
VWUHVVPRRGFRSLQJDQGHDWLQJEHKDYLRXULQELQJHHDWLQJDQGQRQELQJHHDWLQJ
FROOHJHZRPHQ$GGLFWLYH%HKDYLRUVGRL6



:RUOG+HDOWK2UJDQLVDWLRQ2EHVLW\DQGRYHUZHLJKW*OREDOVWUDWHJ\RQGLHWSK\VLFDO
DFWLYLW\DQGKHDOWK5HWULHYHG-XO\IURP
KWWSZZZZKRLQWKSU13+GRFVJVBREHVLW\SGI
<DJHU-5RUW\0	5RVVRWWR(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$33(1',;$
$GYHUWLVHPHQW
zŽƵĂƌĞŝŶǀŝƚĞĚƚŽƉĂƌƚŝĐŝƉĂƚĞŝŶĂŶĂŶŽŶǇŵŽƵƐŽŶůŝŶĞƐƵƌǀĞǇĂďŽƵƚĞŵŽƚŝŽŶĂůĞĂƚŝŶŐ͘dŚĞ
ƉƵƌƉŽƐĞŽĨƚŚŝƐƐƚƵĚǇŝƐƚŽĞǆĂŵŝŶĞŚŽǁŽƵƌƐƚǇůĞƐŽĨƌĞůĂƚŝŽŶƐŚŝƉďŽŶĚŝŶŐĂŶĚƚŚĞǁĂǇƐǁĞ
ĐŽƉĞǁŝƚŚƐƚƌĞƐƐĂĨĨĞĐƚŽƵƌĞĂƚŝŶŐďĞŚĂǀŝŽƵƌƐ͘dŚŝƐƐƚƵĚǇŚŽƉĞƐƚŽƉƌŽǀŝĚĞŝŶƐŝŐŚƚŝŶƚŽǁŚǇ
ƐŽŵĞƉĞŽƉůĞĞǆƉĞƌŝĞŶĐĞƵŶĐŽŶƚƌŽůůĂďůĞĨŽŽĚĐƌĂǀŝŶŐƐĂŶĚĞŶŐĂŐĞŝŶŽǀĞƌĞĂƚŝŶŐ͘/ĨǇŽƵĂƌĞ
ŽǀĞƌϭϴĂŶĚŝŶƚĞƌĞƐƚĞĚŝŶƉĂƌƚŝĐŝƉĂƚŝŶŐƚŚĞŶŐŽƚŽ
ŚƚƚƉ͗ͬͬǁǁǁ͘ĚĞĂŬŝŶ͘ĞĚƵ͘ĂƵͬƉƐǇĐŚŽůŽŐǇͬƌĞƐĞĂƌĐŚͬŬĂƌĂŶƚǌĂƐ
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$33(1',;$
3ODLQ/DQJXDJH6WDWHPHQW3/6
ϭ͘zŽƵƌŽŶƐĞŶƚ
zŽƵĂƌĞŝŶǀŝƚĞĚƚŽƚĂŬĞƉĂƌƚŝŶƚŚŝƐƌĞƐĞĂƌĐŚƉƌŽũĞĐƚ͘
dŚŝƐWůĂŝŶ>ĂŶŐƵĂŐĞ^ƚĂƚĞŵĞŶƚĐŽŶƚĂŝŶƐĚĞƚĂŝůĞĚŝŶĨŽƌŵĂƚŝŽŶĂďŽƵƚƚŚĞƌĞƐĞĂƌĐŚƉƌŽũĞĐƚ͘/ƚƐ
ƉƵƌƉŽƐĞŝƐƚŽĞǆƉůĂŝŶƚŽǇŽƵĂƐŽƉĞŶůǇĂŶĚĐůĞĂƌůǇĂƐƉŽƐƐŝďůĞĂůůƚŚĞƉƌŽĐĞĚƵƌĞƐŝŶǀŽůǀĞĚŝŶ
ƚŚŝƐƉƌŽũĞĐƚƐŽƚŚĂƚǇŽƵĐĂŶŵĂŬĞĂĨƵůůǇŝŶĨŽƌŵĞĚĚĞĐŝƐŝŽŶǁŚĞƚŚĞƌǇŽƵĂƌĞŐŽŝŶŐƚŽ
ƉĂƌƚŝĐŝƉĂƚĞ͘
WůĞĂƐĞƌĞĂĚƚŚŝƐWůĂŝŶ>ĂŶŐƵĂŐĞ^ƚĂƚĞŵĞŶƚĐĂƌĞĨƵůůǇ͘&ĞĞůĨƌĞĞƚŽĂƐŬƋƵĞƐƚŝŽŶƐĂďŽƵƚĂŶǇ
ŝŶĨŽƌŵĂƚŝŽŶŝŶƚŚĞĚŽĐƵŵĞŶƚ͘zŽƵŵĂǇĂůƐŽǁŝƐŚƚŽĚŝƐĐƵƐƐƚŚĞƉƌŽũĞĐƚǁŝƚŚĂƌĞůĂƚŝǀĞŽƌ
ĨƌŝĞŶĚŽƌǇŽƵƌůŽĐĂůŚĞĂůƚŚǁŽƌŬĞƌ͘&ĞĞůĨƌĞĞƚŽĚŽƚŚŝƐ͘
KŶĐĞǇŽƵƵŶĚĞƌƐƚĂŶĚǁŚĂƚƚŚĞƉƌŽũĞĐƚŝƐĂďŽƵƚĂŶĚŝĨǇŽƵĂŐƌĞĞƚŽƚĂŬĞƉĂƌƚŝŶŝƚǇŽƵŵĂǇ
ƉƌŽĐĞĞĚƚŽƚŚĞƋƵĞƐƚŝŽŶŶĂŝƌĞ͘ǇĐŽŵƉůĞƚŝŶŐƚŚĞƋƵĞƐƚŝŽŶŶĂŝƌĞĂŶĚƐƵďŵŝƚƚŝŶŐŝƚŽŶůŝŶĞǇŽƵ
ĂƌĞĐŽŶƐĞŶƚŝŶŐƚŽƚĂŬĞƉĂƌƚŝŶƚŚĞƌĞƐĞĂƌĐŚ͘
Ϯ͘ WƵƌƉŽƐĞĂŶĚĂĐŬŐƌŽƵŶĚ
dŚĞƉƵƌƉŽƐĞŽĨƚŚŝƐƉƌŽũĞĐƚŝƐƚŽďĞƚƚĞƌƵŶĚĞƌƐƚĂŶĚŚŽǁƉĞŽƉůĞ͛ƐƐƚǇůĞƐŽĨƌĞůĂƚŝŽŶƐŚŝƉďŽŶĚŝŶŐĂŶĚ
ƐƚƌĞƐƐͲĐŽƉŝŶŐŝŶĨůƵĞŶĐĞĞĂƚŝŶŐďĞŚĂǀŝŽƵƌƐ͘dŚŝƐŝƐĂƐƚƵĚĞŶƚƉƌŽũĞĐƚƚŽďĞĐŽŶĚƵĐƚĞĚĂƐƉĂƌƚŽĨĂ
ŽĐƚŽƌĂů;,ĞĂůƚŚWƐǇĐŚŽůŽŐǇͿĚĞŐƌĞĞ͘
ƚŽƚĂůŽĨϮϬϬƉĞŽƉůĞǁŝůůƉĂƌƚŝĐŝƉĂƚĞŝŶƚŚŝƐƉƌŽũĞĐƚ͘zŽƵĂƌĞŝŶǀŝƚĞĚƚŽƉĂƌƚŝĐŝƉĂƚĞŝŶƚŚŝƐ
ƌĞƐĞĂƌĐŚƉƌŽũĞĐƚďĞĐĂƵƐĞǁĞĂƌĞŝŶƚĞƌĞƐƚĞĚŝŶŚĞĂƌŝŶŐĨƌŽŵĂůĂƌŐĞŶƵŵďĞƌŽĨŝŶĚŝǀŝĚƵĂůƐ
ǁŝƚŚĚŝǀĞƌƐĞĞǆƉĞƌŝĞŶĐĞƐƌĞŐĂƌĚŝŶŐĞĂƚŝŶŐďĞŚĂǀŝŽƵƌ͘
dŚĞƌĞƐƵůƚƐŽĨƚŚŝƐƌĞƐĞĂƌĐŚŵĂǇďĞƵƐĞĚƚŽŚĞůƉƌĞƐĞĂƌĐŚĞƌDŝĐŚĞůůĞDĐŽƌŵĂĐŬƚŽŽďƚĂŝŶĂ
ŽĐƚŽƌĂů;,ĞĂůƚŚWƐǇĐŚŽůŽŐǇͿĚĞŐƌĞĞ͘
ϯ͘ &ƵŶĚŝŶŐ
dŚŝƐƉƌŽũĞĐƚǁŝůůďĞĨƵŶĚĞĚďǇĞĂŬŝŶhŶŝǀĞƌƐŝƚǇ͘
ϰ͘ WƌŽĐĞĚƵƌĞƐ
WĂƌƚŝĐŝƉĂƚŝŽŶŝŶƚŚŝƐƉƌŽũĞĐƚǁŝůůƌĞƋƵŝƌĞƚŚĂƚǇŽƵĐŽŵƉůĞƚĞĂŶĂŶŽŶǇŵŽƵƐŽŶůŝŶĞ
ƋƵĞƐƚŝŽŶŶĂŝƌĞƚŚĂƚǁŝůůƚĂŬĞĂƉƉƌŽǆŝŵĂƚĞůǇϯϱŵŝŶƵƚĞƐƚŽĐŽŵƉůĞƚĞ͘zŽƵǁŝůůŶĞĞĚƚŽďĞϭϴ
ǇĞĂƌƐĂŶĚŽǀĞƌĂŶĚƉƌŽǀŝĚĞĐŽŶƐĞŶƚƉƌŝŽƌƚŽƉĂƌƚŝĐŝƉĂƚŝŶŐŝŶƚŚĞƐƚƵĚǇ͘dŚĞŝŶĨŽƌŵĂƚŝŽŶǇŽƵ
ƉƌŽǀŝĚĞǁŝůůƌĞŵĂŝŶĐŽŶĨŝĚĞŶƚŝĂůĂŶĚǇŽƵĂƌĞĨƌĞĞƚŽǁŝƚŚĚƌĂǁĨƌŽŵƚŚĞƐƚƵĚǇĂƚĂŶǇƚŝŵĞ͘
ǆĂŵƉůĞƐŽĨƚŚĞƚǇƉĞƐŽĨƋƵĞƐƚŝŽŶƐǇŽƵǁŝůůďĞĂƐŬĞĚŝŶĐůƵĚĞ͗͞/ĨŝŶĚŝƚƌĞůĂƚŝǀĞůǇĞĂƐǇƚŽŐĞƚ
ĐůŽƐĞƚŽŽƚŚĞƌƐ͕͟͞/ĨĞĞůůŝŬĞŽƚŚĞƌƐĐĂƌĞĂďŽƵƚŵĞ͕͟͞/ĂǀŽŝĚĞǀĞŶƚŚŝŶŬŝŶŐĂďŽƵƚŵǇ
ƉƌŽďůĞŵƐ͕͟͞/ŬĞĞƉŵǇĞŵŽƚŝŽŶƐƚŽŵǇƐĞůĨ͕͟͞tŚĞŶ/ĨĞĞůĂŶǆŝŽƵƐ͕/ĨŝŶĚŵǇƐĞůĨĞĂƚŝŶŐ͘͟
ϱ͘ WŽƐƐŝďůĞĞŶĞĨŝƚƐ
WŽƐƐŝďůĞďĞŶĞĨŝƚƐŝŶĐůƵĚĞĚĞǀĞůŽƉŝŶŐĨƵƌƚŚĞƌƵŶĚĞƌƐƚĂŶĚŝŶŐŽĨƚŚĞƉŽƐƐŝďůĞĐĂƵƐĞƐŽĨďŝŶŐĞ
ĞĂƚŝŶŐďĞŚĂǀŝŽƵƌƐ͘dŚŝƐŝŶĨŽƌŵĂƚŝŽŶŵĂǇĐŽŶƚƌŝďƵƚĞƚŽƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨŵŽƌĞ
ĂƉƉƌŽƉƌŝĂƚĞůǇƚĂŝůŽƌĞĚƉƌĞǀĞŶƚŝŽŶƉƌŽŐƌĂŵƐƚŚĂƚƚĂƌŐĞƚƚŚĞŶĞĞĚƐŽĨǀƵůŶĞƌĂďůĞŝŶĚŝǀŝĚƵĂůƐ͘
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ĚĚŝƚŝŽŶĂůůǇ͕ĨƵƌƚŚĞƌŝŶƐŝŐŚƚŝŶƚŽƚŚĞŵŽƚŝǀĂƚŝŽŶƐĚƌŝǀŝŶŐƚŚĞĚĞǀĞůŽƉŵĞŶƚĂŶĚŵĂŝŶƚĞŶĂŶĐĞ
ŽĨďŝŶŐĞĞĂƚŝŶŐŵĂǇŝŶĨŽƌŵĐƵƌƌĞŶƚƚŚĞƌĂƉĞƵƚŝĐŝŶƚĞƌǀĞŶƚŝŽŶƐĨŽƌďŝŶŐĞĞĂƚŝŶŐ͘,ŽǁĞǀĞƌ͕ǁĞ
ĐĂŶŶŽƚŐƵĂƌĂŶƚĞĞŽƌƉƌŽŵŝƐĞƚŚĂƚǇŽƵǁŝůůƌĞĐĞŝǀĞĂŶǇďĞŶĞĨŝƚƐĨƌŽŵƚŚŝƐƉƌŽũĞĐƚ͘
ϲ͘ WŽƐƐŝďůĞZŝƐŬƐ
/ƚŝƐŶŽƚĞǆƉĞĐƚĞĚƚŚĂƚǇŽƵǁŝůůďĞĞǆƉŽƐĞĚƚŽĂŶǇƉŚǇƐŝĐĂůƌŝƐŬŽƌƉƐǇĐŚŽůŽŐŝĐĂůĚŝƐƚƌĞƐƐďǇ
ƉĂƌƚŝĐŝƉĂƚŝŶŐŝŶƚŚŝƐƉƌŽũĞĐƚďĞǇŽŶĚƚŚĞĨĞĞůŝŶŐƐǁŚŝĐŚŵĂǇďĞĂƌŽƵƐĞĚĚƵĞƚŽĐŽŶƐĐŝŽƵƐůǇ
ĞǀĂůƵĂƚŝŶŐƚŚĞŵŽƚŝǀĂƚŝŽŶƐƚŚĂƚĚƌŝǀĞĞĂƚŝŶŐďĞŚĂǀŝŽƵƌ͘dŚĞƋƵĞƐƚŝŽŶŶĂŝƌĞƐƵƐĞĚŝŶƚŚŝƐ
ƐƚƵĚǇĂƌĞƵŶůŝŬĞůǇƚŽĐĂƵƐĞƉĂƌƚŝĐŝƉĂŶƚƐƚŽĞǆƉĞƌŝĞŶĐĞĂŶǇƉŚǇƐŝĐĂůŽƌƉƐǇĐŚŽůŽŐŝĐĂůĚŝƐƚƌĞƐƐ͕
ŝŶĐŽŶǀĞŶŝĞŶĐĞŽƌĚŝƐĐŽŵĨŽƌƚďĞǇŽŶĚƚŚĞŶŽƌŵĂůĞǆƉĞƌŝĞŶĐĞŽĨĞǀĞƌǇĚĂǇůŝĨĞ͕ŝŶĞŝƚŚĞƌƚŚĞ
ƐŚŽƌƚƚĞƌŵŽƌůŽŶŐƚĞƌŵ͘,ŽǁĞǀĞƌ͕ŝƚŝƐƉŽƐƐŝďůĞƚŚĂƚƋƵĞƐƚŝŽŶƐĚŝƌĞĐƚĞĚĂƚĞĂƚŝŶŐďĞŚĂǀŝŽƵƌƐ
ŽƌǇŽƵƌƌĞůĂƚŝŽŶƐŚŝƉƐŵĂǇĞůŝĐŝƚƐŽŵĞĂŶǆŝĞƚǇĂŶĚĚŝƐƚƌĞƐƐ͘WĂƌƚŝĐŝƉĂŶƚƐĂƌĞĚŝƌĞĐƚĞĚƚŽ
ĐŽŶƚĂĐƚƚŚĞĂƚŝŶŐŝƐŽƌĚĞƌƐ&ŽƵŶĚĂƚŝŽŶŽĨsŝĐƚŽƌŝĂ;ǁŚŝĐŚŝƐĂĨƌĞĞ͕ĂŶŽŶǇŵŽƵƐůŝŶĞǁŝƚŚ
ƚƌĂŝŶĞĚĐŽƵŶƐĞůůŽƌƐͿŽŶϭϯϬϬϱϱϬϮϯϲ͕>ŝĨĞůŝŶĞŽŶϭϯϭϭϭϰ͕ŽƌƚŚĞŝƌƚŚĞƌĂƉŝƐƚƐŚŽƵůĚƚŚĞǇ
ŚĂǀĞŽŶĞ͕ŝĨƚŚĞǇĞǆƉĞƌŝĞŶĐĞĂŶǇĂŶǆŝĞƚǇŽƌĚŝƐƚƌĞƐƐ͘^ŚŽƵůĚĂŶǆŝĞƚǇŽƌĚŝƐƚƌĞƐƐŽĐĐƵƌĂƚĂŶǇ
ƐƚĂŐĞƉĂƌƚŝĐŝƉĂŶƚƐĂƌĞĂĚǀŝƐĞĚƚŽǁŝƚŚĚƌĂǁĨƌŽŵƉĂƌƚŝĐŝƉĂƚŝŶŐŝŶƚŚĞƉƌŽũĞĐƚ͘

ůůƉĂƌƚŝĐŝƉĂŶƚƐĂƌĞĨƌĞĞƚŽǁŝƚŚĚƌĂǁĨƌŽŵƚŚĞƐƚƵĚǇĂƚĂŶǇƚŝŵĞĂŶĚƚŚĞƌĞĂƌĞŶŽĨŽƌĞƐĞĞĂďůĞ
ƌŝƐŬƐŝŶĚŽŝŶŐƐŽ͘ŶǇĚĂƚĂƚŚĂƚǁŝƚŚĚƌĂǁŝŶŐƉĂƌƚŝĐŝƉĂŶƚƐƉƌŽǀŝĚĞǁŝůůďĞĚĞůĞƚĞĚ͘

ϳ͘ WƌŝǀĂĐǇ͕ŽŶĨŝĚĞŶƚŝĂůŝƚǇĂŶĚŝƐĐůŽƐƵƌĞŽĨ/ŶĨŽƌŵĂƚŝŽŶ
ůůŝŶĨŽƌŵĂƚŝŽŶŐĂƚŚĞƌĞĚĨƌŽŵƉĂƌƚŝĐŝƉĂŶƚƐǁŝůůďĞŬĞƉƚƐĞĐƵƌĞůǇ͘WĂƉĞƌͲďĂƐĞĚŝŶĨŽƌŵĂƚŝŽŶǁŝůůďĞ
ŬĞƉƚŝŶƐĞĐƵƌĞůǇůŽĐŬĞĚĨŝůŝŶŐĐĂďŝŶĞƚƐŝŶƚŚĞƉƌŝŶĐŝƉĂůƌĞƐĞĂƌĐŚĞƌƐΖŽĨĨŝĐĞƐ͘ůĞĐƚƌŽŶŝĐĚĂƚĂǁŝůůďĞ
ƉĂƐƐǁŽƌĚƉƌŽƚĞĐƚĞĚĂŶĚƐƚŽƌĞĚŽŶĂƐĞĐƵƌĞƐĞƌǀĞƌǁŝƚŚŝŶƚŚĞ^ĐŚŽŽůŽĨWƐǇĐŚŽůŽŐǇĂƚĞĂŬŝŶ
hŶŝǀĞƌƐŝƚǇ͘/ŶĨŽƌŵĞĚĐŽŶƐĞŶƚĨŽƌŵƐǁŝůůďĞŬĞƉƚƐĞƉĂƌĂƚĞĨƌŽŵƚŚĞĚĂƚĂĂŶĚǁŝůůŶŽƚďĞůŝŶŬĞĚŝŶĂŶǇ
ǁĂǇƚŽĂŶǇŝŶĚŝǀŝĚƵĂůĚĂƚĂ͘,ĂƌĚĐŽƉŝĞƐŽĨƚŚĞƉƌŝŵĂƌǇĚĂƚĂĂŶĚĐŽŶƐĞŶƚĨŽƌŵƐǁŝůůďĞƐĞƉĂƌĂƚĞĚ
ŝŵŵĞĚŝĂƚĞůǇĂĨƚĞƌĚĂƚĂĐŽůůĞĐƚŝŽŶĂŶĚƐƚŽƌĞĚŝŶƐĞƉĂƌĂƚĞĨŝůŝŶŐĐĂďŝŶĞƚƐŝŶƚŚĞƉƌŝŶĐŝƉĂůƌĞƐĞĂƌĐŚ
ŝŶǀĞƐƚŝŐĂƚŽƌƐΖŽĨĨŝĐĞƐ͘EŽŶĞŽĨƚŚĞĞůĞĐƚƌŽŶŝĐĨŝůĞƐǁŝůůŝŶĐůƵĚĞĂŶǇŝĚĞŶƚŝĨǇŝŶŐŝŶĨŽƌŵĂƚŝŽŶ͘KŶůǇƚŚĞ
ƌĞƐĞĂƌĐŚƐƚĂĨĨĚŝƌĞĐƚůǇůŝŶŬĞĚǁŝƚŚƚŚĞƉƌŽũĞĐƚǁŝůůŚĂǀĞĂĐĐĞƐƐƚŽƚŚĞĚĂƚĂ͘ĨƚĞƌƚŚĞĐŽŵƉůĞƚŝŽŶŽĨ
ƚŚĞƉƌŽũĞĐƚ͕ƚŚĞĚĂƚĂĐŽůůĞĐƚĞĚǁŝůůďĞƐĞĐƵƌĞůǇƐƚŽƌĞĚĨŽƌƐŝǆǇĞĂƌƐĂƚĞĂŬŝŶhŶŝǀĞƌƐŝƚǇ͕ĂƐƐĞƚŽƵƚŝŶ
ƚŚĞhŶŝǀĞƌƐŝƚǇƌĞŐƵůĂƚŝŽŶƐ͕ĂĨƚĞƌǁŚŝĐŚĂůůĚĂƚĂǁŝůůďĞĚĞƐƚƌŽǇĞĚ͘/ĨǇŽƵŚĂǀĞďĞĞŶŝŶǀŝƚĞĚƚŽ
ƉĂƌƚŝĐŝƉĂƚĞŝŶƚŚŝƐƐƚƵĚǇďǇǇŽƵƌƚŚĞƌĂƉŝƐƚ͕ƉůĞĂƐĞƵŶĚĞƌƐƚĂŶĚƚŚĂƚƚŚĂƚƚŚĞĂŶŽŶǇŵŽƵƐŶĂƚƵƌĞŽĨƚŚĞ
ƌĞƐĞĂƌĐŚŵĞĂŶƐƚŚĂƚƚŚĞƚŚĞƌĂƉŝƐƚǁŝůůďĞƵŶĂǁĂƌĞŽĨƚŚĞŝĚĞŶƚŝƚǇŽĨƚŚĞƌĞƐĞĂƌĐŚƉĂƌƚŝĐŝƉĂŶƚƐ͘
WĂƌƚŝĐŝƉĂƚŝŽŶŽƌǁŝƚŚĚƌĂǁĂůĨƌŽŵƚŚĞƐƚƵĚǇǁŝůůŶŽƚŝŶĂŶǇǁĂǇŝŵƉĂĐƚŽŶƚŚĞƚƌĞĂƚŵĞŶƚƚŚĂƚĂĐůŝĞŶƚ
ƌĞĐĞŝǀĞƐĨƌŽŵĂƚŚĞƌĂƉŝƐƚ͘/ŶĂŶǇƉƵďůŝĐĂƚŝŽŶ͕ŝŶĨŽƌŵĂƚŝŽŶǁŝůůďĞƉƌŽǀŝĚĞĚŝŶƐƵĐŚĂǁĂǇƚŚĂƚǇŽƵ
ĐĂŶŶŽƚďĞŝĚĞŶƚŝĨŝĞĚ͘KŶůǇŐƌŽƵƉĚĂƚĂǁŝůůďĞĚŝƐƐĞŵŝŶĂƚĞĚ͘ƐĂƌĞƐƵůƚŶŽŽŶĞƉĞƌƐŽŶΖƐĚĂƚĂǁŝůůďĞ
ƉƌĞƐĞŶƚĞĚ͕ŶŽƌǁŝůůĂŶǇŝĚĞŶƚŝĨŝĂďůĞŝŶĨŽƌŵĂƚŝŽŶďĞƌĞůĞǀĂŶƚŽƌĚŝƐĐůŽƐĞĚŝŶƚŚĞƌĞƉŽƌƚŝŶŐŽĨƌĞƐƵůƚƐ͘
ϴ͘ ZĞƐƵůƚƐŽĨWƌŽũĞĐƚ
hƉŽŶĐŽŵƉůĞƚŝŽŶŽĨƚŚŝƐƌĞƐĞĂƌĐŚ͕ĨĞĞĚďĂĐŬƌĞŐĂƌĚŝŶŐƚŚĞƌĞƐƵůƚƐŽĨƚŚĞƉƌŽũĞĐƚǁŝůůďĞ
ĂĐĐĞƐƐŝďůĞƚŽǇŽƵǀŝĂƚŚĞƐĐŚŽŽůŽĨƉƐǇĐŚŽůŽŐǇǁĞďƐŝƚĞ͘ƐƚŚĞĚĂƚĂǁŝůůĐŽŶƚĂŝŶŶŽ
ŝĚĞŶƚŝĨǇŝŶŐƉĞƌƐŽŶĂůŝŶĨŽƌŵĂƚŝŽŶŽŶůǇŐƌŽƵƉƌĞƐƵůƚƐǁŝůůďĞĂǀĂŝůĂďůĞƚŽƌĞƉŽƌƚ͘dŚĞƌĞƐƵůƚƐŽĨ
ƚŚĞƉƌŽũĞĐƚǁŝůůďĞƌĞƉŽƌƚĞĚĂƐĂƉĂƌƚŽĨĚŽĐƚŽƌĂůƚŚĞƐŝƐ͘/ƚŝƐĂůƐŽůŝŬĞůǇƚŚĂƚƚŚĞŐƌŽƵƉ
ĨŝŶĚŝŶŐƐǁŝůůďĞĚŝƐƐĞŵŝŶĂƚĞĚŝŶƉĞĞƌͲƌĞǀŝĞǁĞĚũŽƵƌŶĂůƐĂŶĚĐŽŶĨĞƌĞŶĐĞƉƌĞƐĞŶƚĂƚŝŽŶƐ͘


ϵ͘ WĂƌƚŝĐŝƉĂƚŝŽŶŝƐsŽůƵŶƚĂƌǇ
WĂƌƚŝĐŝƉĂƚŝŽŶŝŶĂŶǇƌĞƐĞĂƌĐŚƉƌŽũĞĐƚŝƐǀŽůƵŶƚĂƌǇ͘/ĨǇŽƵĚŽŶŽƚǁŝƐŚƚŽƚĂŬĞƉĂƌƚǇŽƵĂƌĞ
ŶŽƚŽďůŝŐĞĚƚŽ͘/ĨǇŽƵĚĞĐŝĚĞƚŽƚĂŬĞƉĂƌƚĂŶĚůĂƚĞƌĐŚĂŶŐĞǇŽƵƌŵŝŶĚ͕ǇŽƵĂƌĞĨƌĞĞƚŽ
ǁŝƚŚĚƌĂǁĨƌŽŵƚŚĞƉƌŽũĞĐƚĂƚĂŶǇƐƚĂŐĞ͘,ŽǁĞǀĞƌ͕ŝƚǁŝůůŶŽƚďĞƉŽƐƐŝďůĞƚŽǁŝƚŚĚƌĂǁǇŽƵƌ
ĚĂƚĂŽŶĐĞƐƵďŵŝƚƚĞĚĚƵĞƚŽƚŚĞĂŶŽŶǇŵŽƵƐŶĂƚƵƌĞŽĨƚŚĞĚĂƚĂĐŽůůĞĐƚĞĚ͘
zŽƵƌĚĞĐŝƐŝŽŶǁŚĞƚŚĞƌƚŽƚĂŬĞƉĂƌƚŽƌŶŽƚƚŽƚĂŬĞƉĂƌƚ͕ŽƌƚŽƚĂŬĞƉĂƌƚĂŶĚƚŚĞŶǁŝƚŚĚƌĂǁ͕
ǁŝůůŶŽƚĂĨĨĞĐƚǇŽƵƌƌĞůĂƚŝŽŶƐŚŝƉǁŝƚŚĞĂŬŝŶhŶŝǀĞƌƐŝƚǇ͘
/ĨǇŽƵĚĞĐŝĚĞƚŽǁŝƚŚĚƌĂǁĨƌŽŵƚŚŝƐƉƌŽũĞĐƚ͕ƉůĞĂƐĞŶŽƚŝĨǇĂŵĞŵďĞƌŽĨƚŚĞƌĞƐĞĂƌĐŚƚĞĂŵŽƌ
ĐŽŵƉůĞƚĞĂŶĚƌĞƚƵƌŶƚŚĞZĞǀŽĐĂƚŝŽŶŽĨŽŶƐĞŶƚ&ŽƌŵĂƚƚĂĐŚĞĚ͘dŚĞƌĞĂƌĞŶŽŚĞĂůƚŚƌŝƐŬƐŽƌ
ƐƉĞĐŝĂůƌĞƋƵŝƌĞŵĞŶƚƐůŝŶŬĞĚƚŽǁŝƚŚĚƌĂǁŝŶŐ͘
ϭϬ ƚŚŝĐĂů'ƵŝĚĞůŝŶĞƐ
dŚŝƐƉƌŽũĞĐƚǁŝůůďĞĐĂƌƌŝĞĚŽƵƚĂĐĐŽƌĚŝŶŐƚŽƚŚĞEĂƚŝŽŶĂů^ƚĂƚĞŵĞŶƚŽŶƚŚŝĐĂůŽŶĚƵĐƚŝŶ
,ƵŵĂŶZĞƐĞĂƌĐŚ;ϮϬϬϳͿƉƌŽĚƵĐĞĚďǇƚŚĞEĂƚŝŽŶĂů,ĞĂůƚŚĂŶĚDĞĚŝĐĂůZĞƐĞĂƌĐŚŽƵŶĐŝůŽĨ
ƵƐƚƌĂůŝĂ͘dŚŝƐƐƚĂƚĞŵĞŶƚŚĂƐďĞĞŶĚĞǀĞůŽƉĞĚƚŽƉƌŽƚĞĐƚƚŚĞŝŶƚĞƌĞƐƚƐŽĨƉĞŽƉůĞǁŚŽĂŐƌĞĞ
ƚŽƉĂƌƚŝĐŝƉĂƚĞŝŶŚƵŵĂŶƌĞƐĞĂƌĐŚƐƚƵĚŝĞƐ͘
dŚĞĞƚŚŝĐƐĂƐƉĞĐƚƐŽĨƚŚŝƐƌĞƐĞĂƌĐŚƉƌŽũĞĐƚŚĂǀĞďĞĞŶĂƉƉƌŽǀĞĚďǇƚŚĞ,ƵŵĂŶZĞƐĞĂƌĐŚ
ƚŚŝĐƐŽŵŵŝƚƚĞĞŽĨĞĂŬŝŶhŶŝǀĞƌƐŝƚǇ͘
ϭϭ͘ ŽŵƉůĂŝŶƚƐ
/ĨǇŽƵŚĂǀĞĂŶǇĐŽŵƉůĂŝŶƚƐĂďŽƵƚĂŶǇĂƐƉĞĐƚŽĨƚŚĞƉƌŽũĞĐƚ͕ƚŚĞǁĂǇŝƚŝƐďĞŝŶŐĐŽŶĚƵĐƚĞĚŽƌ
ĂŶǇƋƵĞƐƚŝŽŶƐĂďŽƵƚǇŽƵƌƌŝŐŚƚƐĂƐĂƌĞƐĞĂƌĐŚƉĂƌƚŝĐŝƉĂŶƚ͕ƚŚĞŶǇŽƵŵĂǇĐŽŶƚĂĐƚ͗
dŚĞǆĞĐƵƚŝǀĞKĨĨŝĐĞƌ͕,ƵŵĂŶZĞƐĞĂƌĐŚƚŚŝĐƐŽŵŵŝƚƚĞĞ͕ĞĂŬŝŶhŶŝǀĞƌƐŝƚǇ͕ϮϮϭƵƌǁŽŽĚ
,ŝŐŚǁĂǇ͕ƵƌǁŽŽĚsŝĐƚŽƌŝĂϯϭϮϱ͕dĞůĞƉŚŽŶĞ͗ϵϮϱϭϳϭϮϯ͕&ĂĐƐŝŵŝůĞ͗ϵϮϰϰϲϱϴϭ͖ƌĞƐĞĂƌĐŚͲ
ĞƚŚŝĐƐΛĚĞĂŬŝŶ͘ĞĚƵ͘ĂƵ͘
WůĞĂƐĞƋƵŽƚĞƉƌŽũĞĐƚŶƵŵďĞƌ,'Ͳ,ϭͬϭϬ͘
ϭϮ͘ ZĞŝŵďƵƌƐĞŵĞŶƚĨŽƌǇŽƵƌĐŽƐƚƐ
zŽƵǁŝůůŶŽƚďĞƉĂŝĚĨŽƌǇŽƵƌƉĂƌƚŝĐŝƉĂƚŝŽŶŝŶƚŚŝƐƉƌŽũĞĐƚ͘
ϭϯ͘ &ƵƌƚŚĞƌ/ŶĨŽƌŵĂƚŝŽŶ͕YƵĞƌŝĞƐŽƌŶǇWƌŽďůĞŵƐ
/ĨǇŽƵƌĞƋƵŝƌĞĨƵƌƚŚĞƌŝŶĨŽƌŵĂƚŝŽŶ͕ǁŝƐŚƚŽǁŝƚŚĚƌĂǁǇŽƵƌƉĂƌƚŝĐŝƉĂƚŝŽŶŽƌŝĨǇŽƵŚĂǀĞĂŶǇ
ƉƌŽďůĞŵƐĐŽŶĐĞƌŶŝŶŐƚŚŝƐƉƌŽũĞĐƚ;ĨŽƌĞǆĂŵƉůĞ͕ĂŶǇƐŝĚĞĞĨĨĞĐƚƐͿ͕ǇŽƵĐĂŶĐŽŶƚĂĐƚƚŚĞ
ƉƌŝŶĐŝƉĂůƌĞƐĞĂƌĐŚĞƌ͗
ƌ͘'ĞƌǇ<ĂƌĂŶƚǌĂƐ
^ĐŚŽŽůŽĨWƐǇĐŚŽůŽŐǇ
ϮϮϭƵƌǁŽŽĚ,ǁǇ͕ƵƌǁŽŽĚ͕ϯϭϮϱ
ƵƐŝŶĞƐƐŚŽƵƌƐ͗;ϬϯͿϵϮϰϰϲϵϱϵ
ŵĂŝů͗ŐĞƌǇ͘ŬĂƌĂŶƚǌĂƐΛĚĞĂŬŝŶ͘ĞĚƵ͘ĂƵ

 


$33(1',;%
'HPRJUDSKLFV4XHVWLRQQDLUH

WůĞĂƐĞƉƌŽǀŝĚĞƚŚĞĨŽůůŽǁŝŶŐŶŽŶͲŝĚĞŶƚŝĨǇŝŶŐŝŶĨŽƌŵĂƚŝŽŶ͘
ͺͺϭ͘ŐĞ;ǇĞĂƌƐͿ
ͺͺϮ͘'ĞŶĚĞƌ 
ͺͺϯ͘ZĞůĂƚŝŽŶƐŚŝƉ^ƚĂƚƵƐ
ͺͺϰ͘ŝƌƚŚŽƵŶƚƌǇ
ͺͺϱ͘ŽƵŶƚƌǇzŽƵƵƌƌĞŶƚůǇ>ŝǀĞ
ͺͺϲ͘WŽƐƚŽĚĞ
ͺͺϳ͘,ŝŐŚĞƐƚ>ĞǀĞůŽĨĚƵĐĂƚŝŽŶ
ͺͺϴ͘ƵƌƌĞŶƚKĐĐƵƉĂƚŝŽŶ

ͺͺϵ͘,ĂǀĞǇŽƵďĞĞŶĚŝĂŐŶŽƐĞĚǁŝƚŚĂŶǇŽĨƚŚĞĨŽůůŽǁŝŶŐĐŽŶĚŝƚŝŽŶƐ͍
Ͳ ĞƉƌĞƐƐŝŽŶ
Ͳ 'ĞŶĞƌĂůŝƐĞĚŶǆŝĞƚǇ
Ͳ ŝͲWŽůĂƌ
Ͳ ^ĐŚŝǌŽƉŚƌĞŶŝĂ
Ͳ WŚŽďŝĂ
Ͳ WĂŶŝĐŝƐŽƌĚĞƌ
Ͳ WĞƌƐŽŶĂůŝƚǇŝƐŽƌĚĞƌ
Ͳ ^ƵďƐƚĂŶĐĞŝƐŽƌĚĞƌ
Ͳ WŽƐƚdƌĂƵŵĂƚŝĐ^ƚƌĞƐƐŝƐŽƌĚĞƌ
Ͳ KƚŚĞƌ;ƉůĞĂƐĞƐƉĞĐŝĨǇͿ

ͺͺϭϬ͘,ĂǀĞǇŽƵĞǀĞƌŚĂĚĂŶĞĂƚŝŶŐĚŝƐŽƌĚĞƌŽƌĞǆƉĞƌŝĞŶĐĞĚĚŝƐŽƌĚĞƌĞĚĞĂƚŝŶŐ͍
Ͳ ǇĞƐ
Ͳ ŶŽ

ͺͺϭϭ͘/ĨǇĞƐ͕ƉůĞĂƐĞŝŶĚŝĐĂƚĞǁŚŝĐŚŽŶĞ
Ͳ ƵůŝŵŝĂEĞƌǀŽƐĂ
Ͳ ŶŽƌĞǆŝĂEĞƌǀŽƐĂʹZĞƐƚƌŝĐƚŝŶŐdǇƉĞ
Ͳ ŶŽƌĞǆŝĂEĞƌǀŽƐĂʹŝŶŐĞĂƚŝŶŐͬWƵƌŐŝŶŐdǇƉĞ
Ͳ ŝŶŐĞĂƚŝŶŐŝƐŽƌĚĞƌ
Ͳ ĂƚŝŶŐŝƐŽƌĚĞƌEŽƚKƚŚĞƌǁŝƐĞ^ƉĞĐŝĨŝĞĚ
Ͳ KƚŚĞƌ;ƉůĞĂƐĞƐƉĞĐŝĨǇͿ

ͺͺϭϮ͘,ŽǁůŽŶŐĂŐŽǁĂƐƚŚŝƐĂŶŝƐƐƵĞĨŽƌǇŽƵ͍
Ͳ ƵƌƌĞŶƚůǇ
Ͳ >ĞƐƐƚŚĂŶϲŵŽŶƚŚƐĂŐŽ
Ͳ ϲͲϭϮŵŽŶƚŚƐĂŐŽ
Ͳ ϭͲϮǇĞĂƌƐĂŐŽ
Ͳ DŽƌĞƚŚĂŶϮǇĞĂƌƐĂŐŽ

ͺͺϭϯ͘ƌĞǇŽƵĐƵƌƌĞŶƚůǇƐĞĞŝŶŐĂŵĞŶƚĂůŚĞĂůƚŚĐŽƵŶƐĞůůŽƌŽƌƉƐǇĐŚŽƚŚĞƌĂƉŝƐƚĨŽƌƚƌĞĂƚŵĞŶƚŽĨĂŶ
ĞĂƚŝŶŐĚŝƐŽƌĚĞƌŽƌĚŝƐŽƌĚĞƌĞĚĞĂƚŝŶŐ͍
Ͳ zĞƐ
Ͳ EŽ
Ͳ EŽ͕ďƵƚ/ŚĂǀĞƌĞĐĞŝǀĞĚƚƌĞĂƚŵĞŶƚĨŽƌĞĂƚŝŶŐƉƌŽďůĞŵƐŝŶƚŚĞƉĂƐƚ

ͺͺϭϰ͘/ĨǇĞƐ͕ĨŽƌŚŽǁŵĂŶǇŵŽŶƚŚƐŚĂǀĞǇŽƵďĞĞŶƌĞĐĞŝǀŝŶŐƚŚŝƐƚƌĞĂƚŵĞŶƚ͍



$33(1',;%
$GXOW$WWDFKPHQW4XHVWLRQQDLUH$$4

^ŚŽǁ ŚŽǁŵƵĐŚ ǇŽƵ ĂŐƌĞĞ ǁŝƚŚ ĞĂĐŚ ŽĨ ƚŚĞ ĨŽůůŽǁŝŶŐ ŝƚĞŵƐ ďǇ ƌĂƚŝŶŐ ƚŚĞŵ ŽŶ ƚŚŝƐ
ƐĐĂůĞ͗ϭсƚŽƚĂůůǇĚŝƐĂŐƌĞĞ͖ϮсƐƚƌŽŶŐůǇĚŝƐĂŐƌĞĞ͖ϯсƐůŝŐŚƚůǇĚŝƐĂŐƌĞĞ͖ϰсƐůŝŐŚƚůǇĂŐƌĞĞ͖
ϱсƐƚƌŽŶŐůǇĂŐƌĞĞ͖ŽƌϲсƚŽƚĂůůǇĂŐƌĞĞ͘tƌŝƚĞǇŽƵƌƌĞƐƉŽŶƐĞŝŶƚŚĞƐƉĂĐĞƉƌŽǀŝĚĞĚŶĞǆƚ
ƚŽĞĂĐŚŝƚĞŵ͘

ϭϮϯϰϱϲϳ
ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ
/ƐƚƌŽŶŐůǇĚŝƐĂŐƌĞĞ   /ƐƚƌŽŶŐůǇĚŝƐĂŐƌĞĞ

ͺͺϭ͘/ĨŝŶĚŝƚƌĞůĂƚŝǀĞůǇĞĂƐǇƚŽŐĞƚĐůŽƐĞƚŽŽƚŚĞƌƐ͘

ͺͺϮ͘/ΖŵŶŽƚǀĞƌǇĐŽŵĨŽƌƚĂďůĞŚĂǀŝŶŐƚŽĚĞƉĞŶĚŽŶŽƚŚĞƌƉĞŽƉůĞ͘

ͺͺϯ͘/ΖŵĐŽŵĨŽƌƚĂďůĞŚĂǀŝŶŐŽƚŚĞƌƐĚĞƉĞŶĚŽŶŵĞ͘

ͺͺϰ͘/ƌĂƌĞůǇǁŽƌƌǇĂďŽƵƚďĞŝŶŐĂďĂŶĚŽŶĞĚďǇŽƚŚĞƌƐ͘

ͺͺϱ͘/ĚŽŶΖƚůŝŬĞƉĞŽƉůĞŐĞƚƚŝŶŐƚŽŽĐůŽƐĞƚŽŵĞ͘

ͺͺϲ͘/ΖŵƐŽŵĞǁŚĂƚƵŶĐŽŵĨŽƌƚĂďůĞďĞŝŶŐƚŽŽĐůŽƐĞƚŽŽƚŚĞƌƐ͘

ͺͺϳ͘/ĨŝŶĚŝƚĚŝĨĨŝĐƵůƚƚŽƚƌƵƐƚŽƚŚĞƌƐĐŽŵƉůĞƚĞůǇ͘

ͺͺϴ͘/ΖŵŶĞƌǀŽƵƐǁŚĞŶĞǀĞƌĂŶǇŽŶĞŐĞƚƐƚŽŽĐůŽƐĞƚŽŵĞ͘

ͺͺϵ͘KƚŚĞƌƐŽĨƚĞŶǁĂŶƚŵĞƚŽďĞŵŽƌĞŝŶƚŝŵĂƚĞƚŚĂŶ/ĨĞĞůĐŽŵĨŽƌƚĂďůĞďĞŝŶŐ͘

ͺͺϭϬ͘KƚŚĞƌƐŽĨƚĞŶĂƌĞƌĞůƵĐƚĂŶƚƚŽŐĞƚĂƐĐůŽƐĞĂƐ/ǁŽƵůĚůŝŬĞ
͘
ͺͺϭϭ͘/ŽĨƚĞŶǁŽƌƌǇƚŚĂƚŵǇƉĂƌƚŶĞƌ;ƐͿĚŽŶΖƚƌĞĂůůǇůŽǀĞŵĞ͘

ͺͺϭϮ͘/ƌĂƌĞůǇǁŽƌƌǇĂďŽƵƚŵǇƉĂƌƚŶĞƌ;ƐͿůĞĂǀŝŶŐŵĞ͘

ͺͺϭϯ͘/ŽĨƚĞŶǁĂŶƚƚŽŵĞƌŐĞĐŽŵƉůĞƚĞůǇǁŝƚŚŽƚŚĞƌƐ͕ĂŶĚƚŚŝƐĚĞƐŝƌĞƐŽŵĞƚŝŵĞƐƐĐĂƌĞƐƚŚĞŵĂǁĂǇ͘

ͺͺϭϰ͘/ΖŵĐŽŶĨŝĚĞŶƚŽƚŚĞƌƐǁŽƵůĚŶĞǀĞƌŚƵƌƚŵĞďǇƐƵĚĚĞŶůǇĞŶĚŝŶŐŽƵƌƌĞůĂƚŝŽŶƐŚŝƉ͘

ͺͺϭϱ͘/ƵƐƵĂůůǇǁĂŶƚŵŽƌĞĐůŽƐĞŶĞƐƐĂŶĚŝŶƚŝŵĂĐǇƚŚĂŶŽƚŚĞƌƐĚŽ͘

ͺͺϭϲ͘dŚĞƚŚŽƵŐŚƚŽĨďĞŝŶŐůĞĨƚďǇŽƚŚĞƌƐƌĂƌĞůǇĞŶƚĞƌƐŵǇŵŝŶĚ͘

ͺͺϭϳ͘/ΖŵĐŽŶĨŝĚĞŶƚƚŚĂƚŵǇƉĂƌƚŶĞƌ;ƐͿůŽǀĞŵĞũƵƐƚĂƐŵƵĐŚĂƐ/ůŽǀĞƚŚĞŵ͘




$33(1',;%
:D\VRI&RSLQJ:2&±6KRUW)RUP

WůĞĂƐĞŝŶĚŝĐĂƚĞƚŚĞĞǆƚĞŶƚƚŽǁŚŝĐŚǇŽƵŐĞŶĞƌĂůůǇƵƐĞƚŚĞĨŽůůŽǁŝŶŐŝƚĞŵƐǁŚĞŶĐŽƉŝŶŐǁŝƚŚĂ
ƐƚƌĞƐƐĨƵůƐŝƚƵĂƚŝŽŶ͘dŚĞƌĞĂƌĞŶŽƌŝŐŚƚŽƌǁƌŽŶŐĂŶƐǁĞƌƐǁĞĂƌĞũƵƐƚŝŶƚĞƌĞƐƚĞĚŝŶǇŽƵƌǀŝĞǁƐ͘
Ϭ   ϭ   Ϯ   ϯ
EŽƚƵƐĞĚ       ƵƐĞĚĂŐƌĞĂƚĚĞĂů
ͺͺͺͺͺϭ͘tĞŶƚŽŶĂƐŝĨŶŽƚŚŝŶŐŚĂĚŚĂƉƉĞŶĞĚ͘
ͺͺͺͺͺϮ͘dĂůŬĞĚƚŽƐŽŵĞŽŶĞĂďŽƵƚŚŽǁ/ǁĂƐĨĞĞůŝŶŐ͘
ͺͺͺͺͺϯ͘tŝƐŚĞĚƚŚĂƚƚŚĞƐŝƚƵĂƚŝŽŶǁŽƵůĚŐŽĂǁĂǇŽƌƐŽŵĞŚŽǁďĞŽǀĞƌǁŝƚŚ͘
ͺͺͺͺͺϰ͘/ĞǆƉƌĞƐƐĞĚĂŶŐĞƌƚŽƚŚĞƉĞƌƐŽŶ;ƐͿǁŚŽĐĂƵƐĞĚƚŚĞƉƌŽďůĞŵ͘
ͺͺͺͺͺϱ͘ĂŵĞƵƉǁŝƚŚĂĐŽƵƉůĞŽĨĚŝĨĨĞƌĞŶƚƐŽůƵƚŝŽŶƐƚŽĂƉƌŽďůĞŵ͘
ͺͺͺͺͺϲ͘/ƚƌŝĞĚƚŽŬĞĞƉŵǇĨĞĞůŝŶŐƐƚŽŵǇƐĞůĨ͘
ͺͺͺͺͺϳ͘ŝĚŶ͛ƚůĞƚŝƚŐĞƚƚŽŵĞ͖ƌĞĨƵƐĞĚƚŽƚŚŝŶŬƚŽŽŵƵĐŚĂďŽƵƚŝƚ͘
ͺͺͺͺͺϴ͘/ĂƐŬĞĚĂƌĞůĂƚŝǀĞŽƌĨƌŝĞŶĚ/ƌĞƐƉĞĐƚĞĚĨŽƌĂĚǀŝĐĞ͘
ͺͺͺͺͺϵ͘/ĚĂǇĚƌĞĂŵĞĚŽƌŝŵĂŐŝŶĞĚĂďĞƚƚĞƌƚŝŵĞŽƌƉůĂĐĞƚŚĂŶƚŚĞŽŶĞ/ǁĂƐŝŶ͘
ͺͺͺͺͺϭϬ͘dŽŽŬŝƚŽƵƚŽŶŽƚŚĞƌƉĞŽƉůĞ͘
ͺͺͺͺͺϭϭ͘/ŵĂĚĞĂƉůĂŶŽĨĂĐƚŝŽŶĂŶĚĨŽůůŽǁĞĚŝƚ͘
ͺͺͺͺͺϭϮ͘/ƚƌŝĞĚƚŽŬĞĞƉŵǇĨĞĞůŝŶŐƐĨƌŽŵŝŶƚĞƌĨĞƌŝŶŐǁŝƚŚŽƚŚĞƌƚŚŝŶŐƐƚŽŽŵƵĐŚ͘
ͺͺͺͺͺϭϯ͘DĂĚĞůŝŐŚƚŽĨƚŚĞƐŝƚƵĂƚŝŽŶ͖ƌĞĨƵƐĞĚƚŽŐĞƚƚŽŽƐĞƌŝŽƵƐĂďŽƵƚŝƚ͘
ͺͺͺͺͺϭϰ͘dĂůŬĞĚƚŽƐŽŵĞŽŶĞǁŚŽĐŽƵůĚĚŽƐŽŵĞƚŚŝŶŐĐŽŶĐƌĞƚĞĂďŽƵƚƚŚĞƉƌŽďůĞŵ͘
ͺͺͺͺͺϭϱ͘,ĂĚĨĂŶƚĂƐŝĞƐŽƌǁŝƐŚĞƐĂďŽƵƚŚŽǁƚŚŝŶŐƐŵŝŐŚƚƚƵƌŶŽƵƚ͘
ͺͺͺͺͺϭϲ͘dƌŝĞĚƚŽŐĞƚƚŚĞƉĞƌƐŽŶƌĞƐƉŽŶƐŝďůĞƚŽĐŚĂŶŐĞŚŝƐŽƌŚĞƌŵŝŶĚ͘
ͺͺͺͺͺϭϳ͘/ƚƌŝĞĚƚŽƐĞĞƚŚŝŶŐƐĨƌŽŵƚŚĞŽƚŚĞƌƉĞƌƐŽŶ͛ƐƉŽŝŶƚŽĨǀŝĞǁ͘
ͺͺͺͺͺϭϴ͘<ĞƉƚŽƚŚĞƌƐĨƌŽŵŬŶŽǁŝŶŐŚŽǁďĂĚƚŚŝŶŐƐǁĞƌĞ͘
ͺͺͺͺͺϭϵ͘dƌŝĞĚƚŽĨŽƌŐĞƚƚŚĞǁŚŽůĞƚŚŝŶŐ͘
ͺͺͺͺͺϮϬ͘dĂůŬĞĚƚŽƐŽŵĞŽŶĞƚŽĨŝŶĚŽƵƚŵŽƌĞĂďŽƵƚƚŚĞƐŝƚƵĂƚŝŽŶ͘
ͺͺͺͺͺϮϭ͘tŝƐŚĞĚƚŚĂƚ/ĐŽƵůĚĐŚĂŶŐĞǁŚĂƚŚĂĚŚĂƉƉĞŶĞĚŽƌŚŽǁ/ĨĞůƚ͘
ͺͺͺͺͺϮϮ͘dƌŝĞĚƚŽŵĂŬĞŵǇƐĞůĨĨĞĞůďĞƚƚĞƌďǇĞĂƚŝŶŐ͕ĚƌŝŶŬŝŶŐ͕ƐŵŽŬŝŶŐ͕ƵƐŝŶŐĚƌƵŐƐĞƚĐ͘
ͺͺͺͺͺϮϯ͘^ƚŽŽĚŵǇŐƌŽƵŶĚĂŶĚĨŽƵŐŚƚĨŽƌǁŚĂƚ/ǁĂŶƚĞĚ͘
ͺͺͺͺͺϮϰ͘ǀŽŝĚĞĚďĞŝŶŐǁŝƚŚƉĞŽƉůĞŝŶŐĞŶĞƌĂů͘
 


$33(1',;%

(PRWLRQDO2YHUHDWLQJ4XHVWLRQQDLUH(24

WůĞĂƐĞŝŶĚŝĐĂƚĞŽŶŚŽǁŵĂŶǇĚĂǇƐŽƵƚŽĨƚŚĞƉĂƐƚϮϴĚĂǇƐǇŽƵŚĂǀĞĞĂƚŝŶŐĂŶƵŶƵƐƵĂůůǇůĂƌŐĞ
ĂŵŽƵŶƚŽĨĨŽŽĚŐŝǀĞŶƚŚĞĐŝƌĐƵŵƐƚĂŶĐĞƐŝŶƌĞƐƉŽŶƐĞƚŽĨĞĞůŝŶŐƐŽĨ͙͘
ϭс  Ϯс  ϯс  ϰс  ϱс  ϲс  ϳс
ϬĚĂǇƐ  ϭͲϲĚĂǇƐ ϲͲϭϮĚĂǇƐ ϭϯͲϭϱĚĂǇƐ ϭϲͲϮϮĚĂǇƐ ϮϮͲϮϳĚĂǇƐ ǀĞƌǇĚĂǇ
 
ͺͺͺͺͺϭ͘Ey/dz;ǁŽƌƌǇ͕ũŝƚƚĞƌǇ͕ŶĞƌǀŽƵƐͿ͍
ͺͺͺͺͺϮ͘^E^^;ďůƵĞ͕ĚŽǁŶ͕ĚĞƉƌĞƐƐĞĚͿ͍
ͺͺͺͺͺϯ͘>KE>/E^^;ďŽƌĞĚ͕ĚŝƐĐŽƵƌĂŐĞĚ͕ǁŽƌƚŚůĞƐƐͿ͍
ͺͺͺͺͺϰ͘d/ZE^^;ǁŽƌŶͲŽƵƚ͕ĨĂƚŝŐƵĞĚͿ͍
ͺͺͺͺͺϱ͘E'Z;ƵƉƐĞƚ͕ĨƌƵƐƚƌĂƚĞĚ͕ĨƵƌŝŽƵƐͿ͍
ͺͺͺͺͺϲ͘,WW/E^^;ŐŽŽĚ͕ũŽǇŽƵƐ͕ĞǆĐŝƚĞĚͿ͍




















$33(1',;%

'LIILFXOWLHVLQ(PRWLRQ5HJXODWLRQ6FDOH'(56
dŚĞƐƚĂƚĞŵĞŶƚƐďĞůŽǁƌĞůĂƚĞƚŽŚŽǁǁĞĞǆƉĞƌŝĞŶĐĞĞŵŽƚŝŽŶƐ͘hƐŝŶŐƚŚĞϱͲƉŽŝŶƚƐĐĂůĞůŝƐƚĞĚďĞůŽǁ͕
ƉůĞĂƐĞƌĂƚĞƚŚĞĞǆƚĞŶƚƚŽǁŚŝĐŚǇŽƵĞǆƉĞƌŝĞŶĐĞĞĂĐŚŽĨƚŚĞĨŽůůŽǁŝŶŐƐƚĂƚĞŵĞŶƚƐ͘WůĞĂƐĞƌĂƚĞĞĂĐŚ
ŝƚĞŵŽŶƚŚĞƐƉĂĐĞƚŚĂƚĂƉƉĞĂƌƐĂƚƚŚĞĞŶĚŽĨƚŚĞŝƚĞŵ͘dŚĞƌĞĂƌĞŶŽƌŝŐŚƚŽƌǁƌŽŶŐĂŶƐǁĞƌƐǁĞĂƌĞ
ũƵƐƚŝŶƚĞƌĞƐƚĞĚŝŶǇŽƵƌǀŝĞǁƐ͘
ůŵŽƐƚŶĞǀĞƌϭϮϯϰϱůŵŽƐƚĂůǁĂǇƐ

ϭ͘ /ĂŵĐůĞĂƌĂďŽƵƚŵǇĨĞĞůŝŶŐƐ͘ͺͺͺͺͺͺ
Ϯ͘ /ƉĂǇĂƚƚĞŶƚŝŽŶƚŽŚŽǁ/ĨĞĞů͘ͺͺͺͺͺͺ
ϯ͘ /ĞǆƉĞƌŝĞŶĐĞŵǇĞŵŽƚŝŽŶƐĂƐŽǀĞƌǁŚĞůŵŝŶŐĂŶĚŽƵƚŽĨĐŽŶƚƌŽů͘ͺͺͺͺͺͺ
ϰ͘ /ŚĂǀĞŶŽŝĚĞĂŚŽǁ/ĂŵĨĞĞůŝŶŐ͘ͺͺͺͺͺͺ
ϱ͘ /ŚĂǀĞĚŝĨĨŝĐƵůƚǇŵĂŬŝŶŐƐĞŶƐĞŽƵƚŽĨŵǇĨĞĞůŝŶŐƐ͘ͺͺͺͺͺͺ
ϲ͘ /ĂŵĂƚƚĞŶƚŝǀĞƚŽŵǇĨĞĞůŝŶŐƐ͘ͺͺͺͺͺͺ
ϳ͘ /ŬŶŽǁĞǆĂĐƚůǇŚŽǁ/ĂŵĨĞĞůŝŶŐ͘ͺͺͺͺͺͺ
ϴ͘ /ĐĂƌĞĂďŽƵƚǁŚĂƚ/ĂŵĨĞĞůŝŶŐ͘ͺͺͺͺͺͺ
ϵ͘ /ĂŵĐŽŶĨƵƐĞĚĂďŽƵƚŚŽǁ/ĨĞĞů͘ͺͺͺͺͺͺ
ϭϬ͘tŚĞŶ/͛ŵƵƉƐĞƚ͕/ĂĐŬŶŽǁůĞĚŐĞŵǇĞŵŽƚŝŽŶƐ͘ͺͺͺͺͺͺ
ϭϭ͘tŚĞŶ/͛ŵƵƉƐĞƚ͕/ďĞĐŽŵĞĂŶŐƌǇǁŝƚŚŵǇƐĞůĨĨŽƌĨĞĞůŝŶŐƚŚĂƚǁĂǇ͘ͺͺͺͺͺͺ
ϭϮ͘tŚĞŶ/͛ŵƵƉƐĞƚ͕/ďĞĐŽŵĞĞŵďĂƌƌĂƐƐĞĚĨŽƌĨĞĞůŝŶŐƚŚĂƚǁĂǇ͘ͺͺͺͺͺͺ
ϭϯ͘tŚĞŶ/͛ŵƵƉƐĞƚ͕/ŚĂǀĞĚŝĨĨŝĐƵůƚǇŐĞƚƚŝŶŐǁŽƌŬĚŽŶĞ͘ͺͺͺͺͺͺ
ϭϰ͘tŚĞŶ/͛ŵƵƉƐĞƚ͕/ďĞĐŽŵĞŽƵƚŽĨĐŽŶƚƌŽů͘ͺͺͺͺͺͺ
ϭϱ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ďĞůŝĞǀĞƚŚĂƚ/ǁŝůůƌĞŵĂŝŶƚŚĂƚǁĂǇĨŽƌĂůŽŶŐƚŝŵĞ͘ͺͺͺͺͺͺ
ϭϲ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ďĞůŝĞǀĞƚŚĂƚ/ΖůůĞŶĚƵƉĨĞĞůŝŶŐǀĞƌǇĚĞƉƌĞƐƐĞĚ͘ͺͺͺͺͺͺ
ϭϳ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ďĞůŝĞǀĞƚŚĂƚŵǇĨĞĞůŝŶŐƐĂƌĞǀĂůŝĚĂŶĚŝŵƉŽƌƚĂŶƚ͘ͺͺͺͺͺͺ
ϭϴ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ŚĂǀĞĚŝĨĨŝĐƵůƚǇĨŽĐƵƐŝŶŐŽŶŽƚŚĞƌƚŚŝŶŐƐ͘ͺͺͺͺͺͺ
ϭϵ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ĨĞĞůŽƵƚŽĨĐŽŶƚƌŽů͘ͺͺͺͺͺͺ
ϮϬ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ĐĂŶƐƚŝůůŐĞƚƚŚŝŶŐƐĚŽŶĞ͘ͺͺͺͺͺͺ
Ϯϭ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ĨĞĞůĂƐŚĂŵĞĚǁŝƚŚŵǇƐĞůĨĨŽƌĨĞĞůŝŶŐƚŚĂƚǁĂǇ͘ͺͺͺͺͺͺ
ϮϮ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ŬŶŽǁƚŚĂƚ/ĐĂŶĨŝŶĚĂǁĂǇƚŽĞǀĞŶƚƵĂůůǇĨĞĞůďĞƚƚĞƌ͘
Ϯϯ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ĨĞĞůůŝŬĞ/ĂŵǁĞĂŬ͘ͺͺͺͺͺͺ
Ϯϰ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ĨĞĞůůŝŬĞ/ĐĂŶƌĞŵĂŝŶŝŶĐŽŶƚƌŽůŽĨŵǇďĞŚĂǀŝŽƌƐ͘ͺͺͺͺͺͺ
Ϯϱ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ĨĞĞůŐƵŝůƚǇĨŽƌĨĞĞůŝŶŐƚŚĂƚǁĂǇ͘ͺͺͺͺͺͺ
Ϯϲ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ŚĂǀĞĚŝĨĨŝĐƵůƚǇĐŽŶĐĞŶƚƌĂƚŝŶŐ͘ͺͺͺͺͺͺ
Ϯϳ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ŚĂǀĞĚŝĨĨŝĐƵůƚǇĐŽŶƚƌŽůůŝŶŐŵǇďĞŚĂǀŝŽƌƐ͘
Ϯϴ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ďĞůŝĞǀĞƚŚĞƌĞŝƐŶŽƚŚŝŶŐ/ĐĂŶĚŽƚŽŵĂŬĞŵǇƐĞůĨĨĞĞůďĞƚƚĞƌ͘ͺͺͺͺͺͺ
Ϯϵ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ďĞĐŽŵĞŝƌƌŝƚĂƚĞĚǁŝƚŚŵǇƐĞůĨĨŽƌĨĞĞůŝŶŐƚŚĂƚǁĂǇ͘ͺͺͺͺͺͺ
ϯϬ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ƐƚĂƌƚƚŽĨĞĞůǀĞƌǇďĂĚĂďŽƵƚŵǇƐĞůĨ͘ͺͺͺͺͺͺ
ϯϭ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ďĞůŝĞǀĞƚŚĂƚǁĂůůŽǁŝŶŐŝŶŝƚŝƐĂůů/ĐĂŶĚŽ͘ͺͺͺͺͺͺ
ϯϮ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ůŽƐĞĐŽŶƚƌŽůŽǀĞƌŵǇďĞŚĂǀŝŽƌƐ͘ͺͺͺͺͺͺ
ϯϯ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ŚĂǀĞĚŝĨĨŝĐƵůƚǇƚŚŝŶŬŝŶŐĂďŽƵƚĂŶǇƚŚŝŶŐĞůƐĞ͘ͺͺͺͺͺͺ
ϯϰ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕/ƚĂŬĞƚŝŵĞƚŽĨŝŐƵƌĞŽƵƚǁŚĂƚ/ΖŵƌĞĂůůǇĨĞĞůŝŶŐ͘ͺͺͺͺͺͺ
ϯϱ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕ŝƚƚĂŬĞƐŵĞĂůŽŶŐƚŝŵĞƚŽĨĞĞůďĞƚƚĞƌ͘ͺͺͺͺͺͺ
ϯϲ͘tŚĞŶ/ΖŵƵƉƐĞƚ͕ŵǇĞŵŽƚŝŽŶƐĨĞĞůŽǀĞƌǁŚĞůŵŝŶŐ͘ͺͺͺͺͺͺ





$33(1',;%

7KH3RVLWLYH$IIHFW1HJDWLYH$IIHFW6FKHGXOH3$1$6±6KRUW)RUP

dŚŝƐƐĐĂůĞĐŽŶƐŝƐƚƐŽĨĂŶƵŵďĞƌŽĨǁŽƌĚƐƚŚĂƚĚĞƐĐƌŝďĞĚŝĨĨĞƌĞŶƚĨĞĞůŝŶŐƐĂŶĚĞŵŽƚŝŽŶƐ͘ZĞĂĚĞĂĐŚŝƚĞŵ
ĂŶĚƚŚĞŶŵĂƌŬƚŚĞĂƉƉƌŽƉƌŝĂƚĞĂŶƐǁĞƌŝŶƚŚĞƐƉĂĐĞŶĞǆƚƚŽƚŚĂƚǁŽƌĚ͘/ŶĚŝĐĂƚĞƚŽǁŚĂƚĞǆƚĞŶƚǇŽƵĨĞĞů
ƚŚŝƐǁĂǇŝŶŐĞŶĞƌĂů͘hƐĞƚŚĞĨŽůůŽǁŝŶŐƐĐĂůĞƚŽƌĞĐŽƌĚǇŽƵƌĂŶƐǁĞƌƐ͘
ϭ   Ϯ   ϯ   ϰ   ϱ
ǀĞƌǇƐůŝŐŚƚůǇ ĂůŝƚƚůĞ ŵŽĚĞƌĂƚĞůǇ  ƋƵŝƚĞĂďŝƚ ĞǆƚƌĞŵĞůǇ
ŽƌŶŽƚĂƚĂůů



  ͺͺͺͺͺͺͺŝŶƚĞƌĞƐƚĞĚ    ͺͺͺͺͺͺͺŝƌƌŝƚĂďůĞ

  ͺͺͺͺͺͺͺĚŝƐƚƌĞƐƐĞĚ    ͺͺͺͺͺͺͺĂůĞƌƚ

  ͺͺͺͺͺͺͺĞǆĐŝƚĞĚ    ͺͺͺͺͺͺͺĂƐŚĂŵĞĚ

  ͺͺͺͺͺͺͺƵƉƐĞƚ     ͺͺͺͺͺͺͺŝŶƐƉŝƌĞĚ

  ͺͺͺͺͺͺͺƐƚƌŽŶŐ     ͺͺͺͺͺͺͺŶĞƌǀŽƵƐ

  ͺͺͺͺͺͺͺŐƵŝůƚǇ     ͺͺͺͺͺͺͺĚĞƚĞƌŵŝŶĞĚ

  ͺͺͺͺͺͺͺƐĐĂƌĞĚ     ͺͺͺͺͺͺͺĂƚƚĞŶƚŝǀĞ 

  ͺͺͺͺͺͺͺŚŽƐƚŝůĞ     ͺͺͺͺͺͺͺũŝƚƚĞƌǇ

  ͺͺͺͺͺͺͺĞŶƚŚƵƐŝĂƐƚŝĐ    ͺͺͺͺͺͺͺĂĐƚŝǀĞ

  ͺͺͺͺͺͺͺƉƌŽƵĚ     ͺͺͺͺͺͺͺĂĨƌĂŝĚ














$33(1',;%

(DWLQJ'LVRUGHUV([DPLQDWLRQ4XHVWLRQQDLUH±5HVWUDLQW6XEVFDOH

WůĞĂƐĞŝŶĚŝĐĂƚĞŽŶŚŽǁŵĂŶǇĚĂǇƐŽƵƚŽĨƚŚĞƉĂƐƚϮϴĚĂǇƐ͙

ϭс  Ϯс  ϯс  ϰс  ϱс  ϲс  ϳс
ϬĚĂǇƐ  ϭͲϲĚĂǇƐ ϲͲϭϮĚĂǇƐ ϭϯͲϭϱĚĂǇƐ ϭϲͲϮϮĚĂǇƐ ϮϮͲϮϳĚĂǇƐ ǀĞƌǇĚĂǇ
 

ͺͺͺͺͺϭ͘,ĂǀĞǇŽƵďĞĞŶĚĞůŝďĞƌĂƚĞůǇƚƌǇŝŶŐƚŽůŝŵŝƚƚŚĞĂŵŽƵŶƚŽĨĨŽŽĚǇŽƵĞĂƚƚŽŝŶĨůƵĞŶĐĞǇŽƵƌ
ƐŚĂƉĞŽƌǁĞŝŐŚƚ;ǁŚĞƚŚĞƌŽƌŶŽƚǇŽƵŚĂǀĞƐƵĐĐĞĞĚĞĚͿ͍

ͺͺͺͺͺϮ͘,ĂǀĞǇŽƵŐŽŶĞĨŽƌůŽŶŐƉĞƌŝŽĚƐŽĨƚŝŵĞ;ϴǁĂŬŝŶŐŚŽƵƌƐŽƌŵŽƌĞͿǁŝƚŚŽƵƚĞĂƚŝŶŐĂŶǇƚŚŝŶŐĂƚ
ĂůůŝŶŽƌĚĞƌƚŽŝŶĨůƵĞŶĐĞǇŽƵƌƐŚĂƉĞŽƌǁĞŝŐŚƚ͍

ͺͺͺͺͺϯ͘,ĂǀĞǇŽƵƚƌŝĞĚƚŽĞǆĐůƵĚĞĨƌŽŵǇŽƵƌĚŝĞƚĂŶǇĨŽŽĚƐƚŚĂƚǇŽƵůŝŬĞŝŶŽƌĚĞƌƚŽŝŶĨůƵĞŶĐĞǇŽƵƌ
ƐŚĂƉĞŽƌǁĞŝŐŚƚ;ǁŚĞƚŚĞƌŽƌŶŽƚǇŽƵŚĂǀĞƐƵĐĐĞĞĚĞĚͿ͍

ͺͺͺͺͺϰ͘,ĂǀĞǇŽƵƚƌŝĞĚƚŽĨŽůůŽǁĚĞĨŝŶŝƚĞƌƵůĞƐƌĞŐĂƌĚŝŶŐǇŽƵƌĞĂƚŝŶŐ;ĨŽƌĞǆĂŵƉůĞ͕ĂĐĂůŽƌŝĞůŝŵŝƚͿŝŶ
ŽƌĚĞƌƚŽŝŶĨůƵĞŶĐĞǇŽƵƌƐŚĂƉĞŽƌǁĞŝŐŚƚ;ǁŚĞƚŚĞƌŽƌŶŽƚǇŽƵŚĂǀĞƐƵĐĐĞĞĚĞĚͿ͍

ͺͺͺͺͺϱ͘,ĂǀĞǇŽƵŚĂĚĂĚĞĨŝŶŝƚĞĚĞƐŝƌĞƚŽŚĂǀĞĂŶĞŵƉƚǇƐƚŽŵĂĐŚǁŝƚŚƚŚĞĂŝŵŽĨŝŶĨůƵĞŶĐŝŶŐǇŽƵƌ
ƐŚĂƉĞŽƌǁĞŝŐŚƚ͍









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
$33(1',;%

%LQJH(DWLQJ6FDOH%(6
ĞůŽǁĂƌĞŐƌŽƵƉƐŽĨƐƚĂƚĞŵĞŶƚƐĂďŽƵƚďĞŚĂǀŝŽƵƌ͕ƚŚŽƵŐŚƚƐ͕ĂŶĚĞŵŽƚŝŽŶĂůƐƚĂƚĞƐ͘WůĞĂƐĞŝŶĚŝĐĂƚĞ
ǁŚŝĐŚƐƚĂƚĞŵĞŶƚŝŶĞĂĐŚŐƌŽƵƉďĞƐƚĚĞƐĐƌŝďĞƐŚŽǁǇŽƵĨĞĞů͘

;ϭͿ
/ǁŽƌƌǇĂďŽƵƚŵǇĂƉƉĞĂƌĂŶĐĞ͕ďƵƚŝƚĚŽĞƐŶŽƚŵĂŬĞŵĞƵŶŚĂƉƉǇ
/ǁŽƌƌǇĂďŽƵƚŵǇĂƉƉĞĂƌĂŶĐĞ͕ďƵƚŝƚĚŽĞƐŶŽƚŵĂŬĞŵĞƵŶŚĂƉƉǇ
/ƚŚŝŶŬĂďŽƵƚŵǇĂƉƉĞĂƌĂŶĐĞŽƌǁĞŝŐŚƚĂŶĚ/ĨĞĞůĚŝƐĂƉƉŽŝŶƚĞĚŝŶŵǇƐĞůĨ
/ĨƌĞƋƵĞŶƚůǇƚŚŝŶŬĂďŽƵƚŵǇǁĞŝŐŚƚĂŶĚĨĞĞůŐƌĞĂƚƐŚĂŵĞĂŶĚĚŝƐŐƵƐƚ
;ϮͿ
/ŚĂǀĞŶŽĚŝĨĨŝĐƵůƚǇĞĂƚŝŶŐƐůŽǁůǇ
/ŵĂǇĞĂƚƋƵŝĐŬůǇ͕ďƵƚ/ŶĞǀĞƌĨĞĞůƚŽŽĨƵůů
^ŽŵĞƚŝŵĞƐĂĨƚĞƌ/ĞĂƚĨĂƐƚ/ĨĞĞůƚŽŽĨƵůů
hƐƵĂůůǇ/ƐǁĂůůŽǁŵǇĨŽŽĚĂůŵŽƐƚǁŝƚŚŽƵƚĐŚĞǁŝŶŐ͕ƚŚĞŶĨĞĞůĂƐŝĨ/ĂƚĞƚŽŽŵƵĐŚ
;ϯͿ
/ĐĂŶĐŽŶƚƌŽůŵǇŝŵƉƵůƐĞƐƚŽǁĂƌĚƐĨŽŽĚ
/ƚŚŝŶŬ/ŚĂǀĞůĞƐƐĐŽŶƚƌŽůŽǀĞƌĨŽŽĚƚŚĂŶƚŚĞĂǀĞƌĂŐĞƉĞƌƐŽŶ
/ĨĞĞůƚŽƚĂůůǇƵŶĂďůĞƚŽĐŽŶƚƌŽůŵǇŝŵƉƵůƐĞƐƚŽǁĂƌĚĨŽŽĚ
/ĨĞĞůƚŽƚĂůůǇƵŶĂďůĞƚŽĐŽŶƚƌŽůŵǇƌĞůĂƚŝŽŶƐŚŝƉǁŝƚŚĨŽŽĚĂŶĚ/ƚƌǇĚĞƐƉĞƌĂƚĞůǇƚŽĨŝŐŚƚŵǇŝŵƉƵůƐĞƐ
ƚŽǁĂƌĚĨŽŽĚ
;ϰͿ
/ĚŽŶŽƚŚĂǀĞĂŚĂďŝƚŽĨĞĂƚŝŶŐǁŚĞŶ/ĂŵďŽƌĞĚ
^ŽŵĞƚŝŵĞƐ/ĞĂƚǁŚĞŶ/ĂŵďŽƌĞĚ͕ďƵƚ/ĐĂŶŽĨƚĞŶĚŝƐƚƌĂĐƚŵǇƐĞůĨĂŶĚŶŽƚƚŚŝŶŬĂďŽƵƚ ĨŽŽĚ
/ŽĨƚĞŶĞĂƚǁŚĞŶ/ĂŵďŽƌĞĚ͕ďƵƚ/ĐĂŶƐŽŵĞƚŝŵĞƐĚŝƐƚƌĂĐƚŵǇƐĞůĨĂŶĚŶŽƚƚŚŝŶŬĂďŽƵƚĨŽŽĚ
/ŚĂǀĞĂŚĂďŝƚŽĨĞĂƚŝŶŐǁŚĞŶ/ĂŵďŽƌĞĚĂŶĚŶŽƚŚŝŶŐĐĂŶƐƚŽƉŵĞ
;ϱͿ
hƐƵĂůůǇǁŚĞŶ/ĞĂƚŝƚŝƐďĞĐĂƵƐĞ/ĂŵŚƵŶŐƌǇ
^ŽŵĞƚŝŵĞƐ/ĞĂƚŽŶŝŵƉƵůƐĞǁŝƚŚŽƵƚƌĞĂůůǇďĞŝŶŐŚƵŶŐƌǇ
/ŽĨƚĞŶĞĂƚƚŽƐĂƚŝƐĨǇŚƵŶŐĞƌĞǀĞŶǁŚĞŶ/ŬŶŽǁ/ΖǀĞĂůƌĞĂĚǇĞĂƚĞŶĞŶŽƵŐŚ͘KŶƚŚĞƐĞŽĐĐĂƐŝŽŶƐ/
ĐĂŶΖƚĞǀĞŶĞŶũŽǇǁŚĂƚ/ĞĂƚ͘
ůƚŚŽƵŐŚ/ŚĂǀĞŶŽƚƉŚǇƐŝĐĂůůǇŚƵŶŐƌǇ͕/ĨĞĞůƚŚĞŶĞĞĚƚŽƉƵƚƐŽŵĞƚŚŝŶŐŝŶŵǇŵŽƵƚŚĂŶĚ/ĨĞĞů
ƐĂƚŝƐĨŝĞĚŽƌŽŶůǇǁŚĞŶ/ĐĂŶĨŝůůŵǇŵŽƵƚŚ;ĨŽƌĞǆĂŵƉůĞǁŝƚŚĂƉŝĞĐĞŽĨďƌĞĂĚͿ͘
;ϲͿ
ĨƚĞƌĞĂƚŝŶŐƚŽŽŵƵĐŚ͗
/ĚŽŶŽƚĨĞĞůŐƵŝůƚǇŽƌƌĞŐƌĞƚĨƵůĂƚĂůů
/ƐŽŵĞƚŝŵĞƐĨĞĞůŐƵŝůƚǇŽƌƌĞŐƌĞƚĨƵů


/ĂůŵŽƐƚĂůǁĂǇƐĨĞĞůĂƐƚƌŽŶŐƐĞŶƐĞŽĨŐƵŝůƚŽƌƌĞŐƌĞƚ
;ϳͿ
tŚĞŶ/ΖŵŽŶĂĚŝĞƚ͕/ŶĞǀĞƌĐŽŵƉůĞƚĞůǇůŽƐĞĐŽŶƚƌŽůŽĨĨŽŽĚ͕ĞǀĞŶŝŶƚŝŵĞƐǁŚĞŶ/ĞĂƚƚŽŽŵƵĐŚ
tŚĞŶ/ĞĂƚĂĨŽƌďŝĚĚĞŶĨŽŽĚŽŶĂĚŝĞƚ͕/ƚŚŝŶŬ/ΖǀĞĨĂŝůĞĚĂŶĚĞĂƚĞǀĞŶŵŽƌĞ
tŚĞŶ/ΖŵŽŶĂĚŝĞƚĂŶĚ/ĞĂƚƚŽŵƵĐŚ͕/ƚŚŝŶŬ/ΖǀĞĨĂŝůĞĚĂŶĚĞĂƚĞǀĞŶŵŽƌĞ
/ĂŵĂůǁĂǇƐĞŝƚŚĞƌďŝŶŐĞĞĂƚŝŶŐŽƌĨĂƐƚŝŶŐ
;ϴͿ
/ƚŝƐƌĂƌĞƚŚĂƚ/ĞĂƚƐŽŵƵĐŚƚŚĂƚ/ĨĞůƚƵŶĐŽŵĨŽƌƚĂďůǇĨƵůů
ďŽƵƚŽŶĐĞĂŵŽŶƚŚ/ĞĂƚƐŽŵƵĐŚƚŚĂƚ/ĨĞůƚƵŶĐŽŵĨŽƌƚĂďůǇĨƵůů
dŚĞƌĞĂƌĞƌĞŐƵůĂƌƉĞƌŝŽĚƐĚƵƌŝŶŐƚŚĞŵŽŶƚŚǁŚĞŶ/ĞĂƚůĂƌŐĞĂŵŽƵŶƚƐŽĨĨŽŽĚĂƚŵĞĂůƐŽƌďĞƚǁĞĞŶ
ŵĞĂůƐ
/ĞĂƚƐŽŵƵĐŚƚŚĂƚƵƐƵĂůůǇ͕ĂĨƚĞƌĞĂƚŝŶŐ͕/ĨĞĞůƉƌĞƚƚǇďĂĚĂŶĚ/ŚĂǀĞŶĂƵƐĞĂ
;ϵͿ
dŚĞĂŵŽƵŶƚŽĨĐĂůŽƌŝĞƐƚŚĂƚ/ĐŽŶƐƵŵĞŝƐĨĂŝƌůǇĐŽŶƐƚĂŶƚŽǀĞƌƚŝŵĞ
^ŽŵĞƚŝŵĞƐĂĨƚĞƌ/ĞĂƚƚŽŽŵƵĐŚ͕/ƚƌǇƚŽĐŽŶƐƵŵĞĨĞǁĐĂůŽƌŝĞƐƚŽŵĂŬĞƵƉĨŽƌƚŚĞƉƌĞǀŝŽƵƐŵĞĂů
/ŚĂǀĞĂŚĂďŝƚŽĨĞĂƚŝŶŐƚŽŽŵƵĐŚĂƚŶŝŐŚƚ͘hƐƵĂůůǇ/ΖŵŶŽƚŚƵŶŐƌǇŝŶƚŚĞŵŽƌŶŝŶŐĂŶĚĂƚŶŝŐŚƚ/ĞĂƚ
ƚŽŽŵƵĐŚ
/ŚĂǀĞƉĞƌŝŽĚƐŽĨĂďŽƵƚĂǁĞĞŬŝŶǁŚŝĐŚ/ŝŵƉŽƐĞĚƐƚĂƌǀĂƚŝŽŶĚŝĞƚƐ͕ĨŽůůŽǁŝŶŐƉĞƌŝŽĚƐŽĨǁŚĞŶ/ĂƚĞ
ƚŽŽŵƵĐŚ͘DǇůŝĨĞŝƐŵĂĚĞŽĨďŝŶŐĞƐĂŶĚĨĂƐƚƐ
;ϭϬͿ
/ĐĂŶƵƐƵĂůůǇƐƚŽƉĞĂƚŝŶŐǁŚĞŶ/ĚĞĐŝĚĞ/ΖǀĞŚĂĚĞŶŽƵŐŚ
^ŽŵĞƚŝŵĞƐ/ĨĞĞůĂŶƵƌŐĞƚŽĞĂƚƚŚĂƚ/ĐĂŶŶŽƚĐŽŶƚƌŽů
/ŽĨƚĞŶĨĞĞůŝŵƉƵůƐĞƐƚŽĞĂƚƐŽƐƚƌŽŶŐƚŚĂƚ/ĐĂŶŶŽƚǁŝŶ͕ďƵƚƐŽŵĞƚŝŵĞƐ/ĐĂŶĐŽŶƚƌŽůŵǇƐĞůĨ
/ĨĞĞůƚŽƚĂůůǇƵŶĂďůĞƚŽĐŽŶƚƌŽůŵǇŝŵƉƵůƐĞƐƚŽĞĂƚ
;ϭϭͿ
/ŚĂǀĞŶŽƉƌŽďůĞŵƐƐƚŽƉƉŝŶŐĞĂƚŝŶŐǁŚĞŶ/ĂŵĨƵůů
/ĐĂŶƵƐƵĂůůǇƐƚŽƉĞĂƚŝŶŐǁŚĞŶ/ĨĞĞůĨƵůů͕ďƵƚƐŽŵĞƚŝŵĞƐ/ĞĂƚƐŽŵƵĐŚŝƚĨĞĞůƐƵŶƉůĞĂƐĂŶƚ
/ƚŝƐŚĂƌĚĨŽƌŵĞƚŽƐƚŽƉĞĂƚŝŶŐŽŶĐĞ/ƐƚĂƌƚ͕/ƵƐƵĂůůǇĞŶĚƵƉĨĞĞůŝŶŐƚŽŽĨƵůů
/ƚŝƐĂƌĞĂůƉƌŽďůĞŵĨŽƌŵĞƚŽƐƚŽƉĞĂƚŝŶŐĂŶĚƐŽŵĞƚŝŵĞƐ/ǀŽŵŝƚďĞĐĂƵƐĞ/ĨĞĞůƐŽĨƵůů͘
;ϭϮͿ
/ĞĂƚƚŚĞƐĂŵĞĂƌŽƵŶĚĨƌŝĞŶĚƐĂŶĚĨĂŵŝůǇĂƐ/ĚŽǁŚĞŶ/ĂŵĂůŽŶĞ͘
^ŽŵĞƚŝŵĞƐ/ĚŽŶŽƚĞĂƚǁŚĂƚ/ǁĂŶƚĂƌŽƵŶĚŽƚŚĞƌƐďĞĐĂƵƐĞ/ĂŵĂǁĂƌĞŽĨŵǇƉƌŽďůĞŵƐǁŝƚŚĨŽŽĚ
/ŽĨƚĞŶĞĂƚůŝƚƚůĞĂƌŽƵŶĚŽƚŚĞƌƉĞŽƉůĞďĞĐĂƵƐĞ/ĨĞĞůĞŵďĂƌƌĂƐƐĞĚ
/ΖŵƐŽĂƐŚĂŵĞĚŽĨŽǀĞƌĞĂƚŝŶŐ͕/ŽŶůǇĞĂƚĂƚƚŝŵĞƐǁŚĞŶŶŽŽŶĞƐĞĞƐŵĞ͘/ĞĂƚŝŶƐĞĐƌĞƚ

;ϭϯͿ
/ĞĂƚƚŚƌĞĞŵĞĂůƐĂĚĂǇĂŶĚŽĐĐĂƐŝŽŶĂůůǇĂƐŶĂĐŬ
/ĞĂƚƚŚƌĞĞŵĞĂůƐĂĚĂǇĂŶĚ/ƵƐƵĂůůǇƐŶĂĐŬĂƐǁĞůů
^ŽŵĞƚŝŵĞƐ/ĚŽŶŽƚŬŶŽǁŝĨ/ĂŵƉŚǇƐŝĐĂůůǇŚƵŶŐƌǇŽƌŶŽƚ͘/ŶƚŚĞƐĞŵŽŵĞŶƚƐ͕/ĐĂŶŚĂƌĚůǇ
ƵŶĚĞƌƐƚĂŶĚŚŽǁŵƵĐŚĨŽŽĚŝƐĂƉƉƌŽƉƌŝĂƚĞ


/ĞĂƚŵĂŶǇŵĞĂůƐ͕ŽƌƐŬŝƉŵĞĂůƐƌĞŐƵůĂƌůǇ
dŚĞƌĞĂƌĞƚŝŵĞƐǁŚĞŶ/ƐĞĞŵƚŽĞĂƚĐŽŶƚŝŶƵŽƵƐůǇǁŝƚŚŽƵƚƌĞŐƵůĂƌŵĞĂůƐ
;ϭϰͿ
/ĚŽŶΖƚƚŚŝŶŬĂďŽƵƚŝŵƉƵůƐĞƐƚŽĞĂƚǀĞƌǇŵƵĐŚ
^ŽŵĞƚŝŵĞƐŵǇŵŝŶĚŝƐŽĐĐƵƉŝĞĚǁŝƚŚƚŚŽƵŐŚƚƐŽĨŚŽǁƚŽĐŽŶƚƌŽůƚŚĞƵƌŐĞƚŽĞĂƚ
/ŽĨƚĞŶƐƉĞŶĚŵƵĐŚƚŝŵĞƚŚŝŶŬŝŶŐĂďŽƵƚǁŚĂƚ/ĂƚĞŽƌŚŽǁŶŽƚƚŽĞĂƚ
DǇŵŝŶĚŝƐďƵƐǇŵŽƐƚŽĨƚŚĞƚŝŵĞǁŝƚŚƚŚŽƵŐŚƚƐĂďŽƵƚĞĂƚŝŶŐ͘/ƐĞĞŵƚŽďĞĐŽŶƐƚĂŶƚůǇĨŝŐŚƚŝŶŐŶŽƚ
ƚŽĞĂƚ
;ϭϱͿ
/ĚŽŶΖƚƚŚŝŶŬĂďŽƵƚĨŽŽĚĂŶǇŵŽƌĞƚŚĂŶŵŽƐƚƉĞŽƉůĞ
/ŚĂǀĞƐƚƌŽŶŐĚĞƐŝƌĞƐĨŽƌĨŽŽĚ͕ďƵƚŽŶůǇĨŽƌƐŚŽƌƚƉĞƌŝŽĚƐ
dŚĞƌĞĂƌĞƐŽŵĞĚĂǇƐǁŚĞŶ/ƚŚŝŶŬŽĨŶŽƚŚŝŶŐďƵƚĨŽŽĚ
DŽƐƚŽĨŵǇĚĂǇƐŝƐĨŝůůĞĚǁŝƚŚƚŚŽƵŐŚƚƐŽĨĨŽŽĚ͘/ĨĞĞůůŝŬĞ/ůŝǀĞƚŽĞĂ
;ϭϲͿ
/ƵƐƵĂůůǇŬŶŽǁŝĨ/ĂŵŚƵŶŐƌǇŽƌŶŽƚ͘/ŬŶŽǁǁŚĂƚƉŽƌƚŝŽŶƐŝǌĞƐĂƌĞĂƉƉƌŽƉƌŝĂƚĞ
^ŽŵĞƚŝŵĞƐ/ĚŽŶŽƚŬŶŽǁŝĨ/ĂŵƉŚǇƐŝĐĂůůǇŚƵŶŐƌǇŽƌŶŽƚ͘/ŶƚŚĞƐĞŵŽŵĞŶƚƐ͕/ĐĂŶŚĂƌĚůǇ
ƵŶĚĞƌƐƚĂŶĚŚŽǁŵƵĐŚĨŽŽĚŝƐĂƉƉƌŽƉƌŝĂƚĞ
ǀĞŶŝĨ/ŬŶĞǁŚŽǁŵĂŶǇĐĂůŽƌŝĞƐƐŚŽƵůĚ/ĞĂƚ͕/ǁŽƵůĚŶŽƚŚĂǀĞĂĐůĞĂƌŝĚĞĂŽĨǁŚĂƚŝƐ͕ĨŽƌŵĞ͕Ă
ŶŽƌŵĂůĂŵŽƵŶƚŽĨĨŽŽĚ






$33(1',;%
:+272±5HYLVHGIRU)RRG:+2725
dŚĞĨŽůůŽǁŝŶŐƋƵĞƐƚŝŽŶƐƌĞĨĞƌƚŽƌĞůĂƚŝŽŶƐŚŝƉƐ;ŝ͘Ğ͕͘ƌŽŵĂŶƚŝĐƉĂƌƚŶĞƌ͕ďĞƐƚĨƌŝĞŶĚ͕ƉĂƌĞŶƚ͕ĨŽŽĚͿĂŶĚ
ƚŚĞŝƌƌŽůĞƐŝŶǇŽƵƌůŝĨĞ͘zŽƵǁŝůůŶŽƚŝĐĞƚŚĂƚǁĞŚĂǀĞŝŶĐůƵĚĞĚĨŽŽĚĂƐƐŽŵĞƚŚŝŶŐǇŽƵĐĂŶŚĂǀĞĂ
ƌĞůĂƚŝŽŶƐŚŝƉǁŝƚŚ͘DĂŶǇƉĞŽƉůĞĚŽƚĂůŬĂďŽƵƚƚŚĞŝƌƌĞůĂƚŝŽŶƐŚŝƉǁŝƚŚĨŽŽĚ͕ǁŚŝĐŚŝƐǁŚǇǁĞĂƌĞ
ŝŶƚĞƌĞƐƚĞĚŝŶƚŚĞƌŽůĞŝƚƉůĂǇƐŝŶǇŽƵƌůŝĨĞĂůŽŶŐƐŝĚĞƚŚĞƌĞůĂƚŝŽŶƐŚŝƉƐǇŽƵŚĂǀĞǁŝƚŚƉĞŽƉůĞ͘ZĞƐƉŽŶĚ
ƚŽĞĂĐŚƐƚĂƚĞŵĞŶƚďǇƌĂŶŬŝŶŐĨŽŽĚĂŶĚƚŚĞƉĞŽƉůĞƚŚĂƚĐŽŵĞƚŽŵŝŶĚŝŶƚŚŝŶŬŝŶŐĂďŽƵƚĞĂĐŚ
ƋƵĞƐƚŝŽŶ͘ZĂŶŬĨŽŽĚĂŶĚƚŚĞƐĞƉĞŽƉůĞŝŶŽƌĚĞƌŽĨƉƌĞĨĞƌĞŶĐĞ;ϭсŵŽƐƚƉƌĞĨĞƌƌĞĚ͕ϲсůĞĂƐƚ
΀ƉƌĞĨĞƌƌĞĚͿ͘
ϭ  Ϯ  ϯ  ϰ  ϱ  ϲ
 DŽƐƚWƌĞĨĞƌƌĞĚ      >ĞĂƐƚWƌĞĨĞƌƌĞĚ
/ĨĨŽŽĚŽƌĂƉĂƌƚŝĐƵůĂƌƉĞƌƐŽŶĚŽĞƐŶŽƚĂƉƉůǇŽƌĚŽĞƐŶŽƚĐŽŵĞƚŽŵŝŶĚĨŽƌĂŐŝǀĞŶƋƵĞƐƚŝŽŶ͕ƚŚĞŶ
>s/d>E<ĂŶĚĚŽŶŽƚƉƌŽǀŝĚĞĂƌĂŶŬŝŶŐ͘/ĨǇŽƵŚĂǀĞƐŽŵĞŽŶĞĞůƐĞƚŚĂƚǇŽƵǁŽƵůĚůŝŬĞƚŽ
ŝŶĐůƵĚĞƚŚĞŶƐƉĞĐŝĨǇƚŚĞŝƌƌĞůĂƚŝŽŶƐŚŝƉƚŽǇŽƵŝŶƚŚĞ͚KƚŚĞƌ͛ŽƉƚŝŽŶĂŶĚŝŶĐůƵĚĞƚŚĞŵŝŶƚŚĞƌĂŶŬŝŶŐ͘
EŽƚĞƚŚĞƌĞĂƌĞŶŽƌŝŐŚƚŽƌǁƌŽŶŐĂŶƐǁĞƌƐ͘tĞĂƌĞũƵƐƚŝŶƚĞƌĞƐƚĞĚŝŶǇŽƵƌŽƉŝŶŝŽŶƐ͘
>ŝƐƚŽƉƚŝŽŶƐ͗DŽƚŚĞƌ͕&ĂƚŚĞƌ͕WĂƌƚŶĞƌ͕^ŝďůŝŶŐ͕&ƌŝĞŶĚ͕&ŽŽĚ͕KƚŚĞƌ;WůĞĂƐĞƐƉĞĐŝĨǇͿ
ͺͺͺͺͺϭ͘tĞĂůůůŝŬĞƚŽƐƉĞŶĚƚŝŵĞŝŶƚŚĞĐŽŵƉĂŶǇŽĨŽƚŚĞƌƉĞŽƉůĞŽƌƚŚŝŶŐƐ͘dĂŬĞĂŵŝŶƵƚĞƚŽƚŚŝŶŬ
ĂďŽƵƚǁŚŽǇŽƵůŝŬĞƚŽƐƉĞŶĚƚŝŵĞǁŝƚŚ͘zŽƵŵĂǇĂůƐŽĐŽŶƐŝĚĞƌĨŽŽĚĂƐĂƐŽƵƌĐĞŽĨ
ĐŽŵƉĂŶǇǁŚĞŶĂůŽŶĞ͘/ŶĐůƵĚŝŶŐĨŽŽĚĂƐĂŶŽƉƚŝŽŶ͕ƌĂŶŬƚŚĞůŝƐƚďĞůŽǁĂĐĐŽƌĚŝŶŐƚŽǁŚŝĐŚ
ǇŽƵŵŽƐƚƉƌĞĨĞƌƚŽƐƉĞŶĚƚŝŵĞǁŝƚŚ͘WůĞĂƐĞƌĞŵĞŵďĞƌ͕ŝĨĨŽŽĚŽƌĂƉĂƌƚŝĐƵůĂƌƉĞƌƐŽŶĚŽĞƐ
ŶŽƚĂƉƉůǇƚŚĞŶůĞĂǀĞŝƚǁŝƚŚŽƵƚĂƌĂŶŬŝŶŐ͘
ͺͺͺͺͺϮ͘ŽŶƐŝĚĞƌǁŚŝĐŚŽĨƚŚĞĨŽůůŽǁŝŶŐǇŽƵĚŽŶ͛ƚůŝŬĞƚŽďĞĂǁĂǇĨƌŽŵ͘ZĂŶŬƚŚĞůŝƐƚďĞůŽǁĨŽƌŵ
ƚŚĞŵŽƐƚŝŵƉŽƌƚĂŶƚƚŽƚŚĞůĞĂƐƚŝŵƉŽƌƚĂŶƚ͘
ͺͺͺͺͺϯ͘tŚĞŶǇŽƵĂƌĞĨĞĞůŝŶŐƵƉƐĞƚŽƌĚŽǁŶ͕ĐŽŶƐŝĚĞƌǁŚŝĐŚŽĨƚŚĞĨŽůůŽǁŝŶŐǇŽƵƵƐĞĂƐĂƐŽƵƌĐĞŽĨ
ĐŽŵĨŽƌƚ͘ZĂŶŬƚŚĞůŝƐƚďĞůŽǁĂĐĐŽƌĚŝŶŐƚŽƚŚĞŽƌĚĞƌǇŽƵƐĞĞŬƚŚĞŵǁŚĞŶǇŽƵĂƌĞĨĞĞůŝŶŐ
ƵƉƐĞƚŽƌĚŽǁŶ͘
ͺͺͺͺͺϰ͘tŚĞŶǇŽƵĨĞĞůƵϴŶĐĞƌƚĂŝŶŽƌƵŶƐƵƌĞĂďŽƵƚƐŽŵĞƚŚŝŶŐ͕ǁŚŝĐŚĚŽǇŽƵĐŽƵŶƚŽŶƚŽŚĞůƉĚĞĂů
ǁŝƚŚƚŚŝƐƵŶĐĞƌƚĂŝŶƚǇ͍ZĂŶŬƚŚĞůŝƐƚďĞůŽǁĂĐĐŽƌĚŝŶŐƚŽƚŚĞŽƌĚĞƌǇŽƵƐĞĞŬƚŚĞŵǁŚĞŶǇŽƵ
ĨĞĞůƵŶĐĞƌƚĂŝŶ͘
ͺͺͺͺͺϱ͘tŚĞŶǇŽƵ͛ǀĞũƵƐƚĂĐŚŝĞǀĞĚƐŽŵĞƚŚŝŶŐŐŽŽĚ͕ĚŽǇŽƵƚƌĞĂƚǇŽƵƌƐĞůĨƚŽĂĨĂǀŽƵƌŝƚĞĨŽŽĚ͍^Ž
ǇŽƵĐĂůůǇŽƵƌƉĂƌƚŶĞƌ͕ŽƌĂƉĂƌĞŶƚŽƌďĞƐƚĨƌŝĞŶĚĂŶĚƐŚĂƌĞǇŽƵƌŐŽŽĚŶĞǁƐ͍ZĂŶŬƚŚĞůŝƐƚ
ďĞůŽǁŝŶƚĞƌŵƐŽĨǁŚŝĐŚǇŽƵĂƌĞŵŽƐƚůŝŬĞůǇƚŽƚƵƌŶƚŽǁŚĞŶǇŽƵƌ͛ǀĞĂĐŚŝĞǀĞĚƐŽŵĞƚŚŝŶŐ
ŐŽŽĚ
ͺͺͺͺͺϲ͘dŚĞƌĞĂƌĞƐŽŵĞƉĞŽƉůĞŽƌƚŚŝŶŐƐŝŶůŝĨĞƚŚĂƚǁĞƚƌƵƐƚƚŽďĞƚŚĞƌĞĨŽƌƵƐǁŚĞŶǁĞĂƌĞŝŶ
ŶĞĞĚ͘tŚŝĐŚŽĨƚŚĞĨŽůůŽǁŝŶŐĨĂůůŝŶƚŽƚŚŝƐĐĂƚĞŐŽƌǇĨŽƌǇŽƵ͍ZĂŶŬƚŚĞůŝƐƚďĞůŽǁĂĐĐŽƌĚŝŶŐ
ƚŽǁŚŝĐŚǇŽƵŵŽƐƚĐŽƵŶƚŽŶƚŽďĞƚŚĞƌĞĨŽƌǇŽƵŝŶƚŝŵĞƐŽĨŶĞĞĚ͘

